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PRESCRIBING INFORMATION 

. Indications: First-line treatment of 
- hypertension and may be used as the 
- sole agent to control blood pressure in 
- the majority of patients, including those 
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. Dosage: Cardura* is used in a once daily 
regimen. The initial dose is Img. Dosage 
F may then be increased after 1 or 2 weeks 
- of therapy to 2mg and thereafter, if 
necessary, to 4mg. The majority of 
patients who respond to Cardura will do 
¿so at a dose of 4mg or less. Dosage 
“n be further increased, if necessary, to 












with asthma, gout and the elderly. 


8mg or the maximum recommended 
dose of 16mg. Use in children: Not 
recommended. Contra-indications: 
Sensitivity to Cardura and related 
quinazolines. Lactation. Use during 
pregnancy: Cardura should only be 
used during pregnancy when, in the 


opinion of the physician, potential bene- 
fit outweighs potential risk. Side effects: 


Postural hypotension, rarely associated 


with fainting. Other reactions include: 


dizziness, vertigo, headache, fatigue, 
asthenia and oedema. 
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pi: EN 

2» 1 p 3 Jis s At ad a T & 
LAT Ve g GELS X ea Poa PRA 
redu 2 3 it eR. SIDE Ep Bish 


mation on request. invicta” 
Pharmaceuticals. A división p 
of Pfizer Limited, Sandwich, 

Kent CT13 GNI 











ABRIDGED PRODUCT INFORMATION 
Refer to Data Sheet before prescribing. 
NDICATIONS 


'rimary hypercholesterolaemia, intolerant or not responsive to other forms of therapy. with 


« cholesterol level in excess of 7.8 mmol litre 

IOSAGE AND ADMINISTRATION 

nitially 10 mg nocte: dose range 10-40 mg once daily nocte. Maximum therapeutic response 
Xccurs within four to six weeks. Consider dose reduction if total serum cholesterol level 

alls below 3.6 mmol/l or if LDL cholesterol falls below 1.94 mmol/l. (See Data Sheet for 
ull dosage instructions.) A standard cholesterol-lowering diet should be continued 
oncomuant therapy: “Zocor is effective alone or in combination with bile-acid 
questrants. /mpaired renal function and elderly patients: Modification of dose should not 
€ necessary. Children: Studies to show safety and efficacy have not been done 


ONTRA-INDICATIONS 


lypersensitivity to this product; active liver disease or unexplained persistent elevations of 
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serum transaminases; pregnancy and breast-feeding; women of child-bearing potential 
unless adequately protected by non-hormonal methods 

PRECAUTIONS 

Homozygous familial hypercholesterolaemia: ‘Zocor’ is unlikely to be effective Hypertri- 
glyceridaemia: ‘Zocor is not indicated where hypertriglyceridaemia is the abn wmality of 
most concern. Hepatic effects: Initial and periodic liver function monitoring recommended 
Discontinue if persistent enzyme elevations occur. particularly if they rise to three times 
the upper limit of normal. Caution in patients with a history of liver disease and/or 
alcoholism. Muscle effects: Clinically insignificant transient mild elevations of creatine 
phosphokinase may be seen. Therapy with "Zocor' should be discontinued if markedly 
clevated CPK levels occur or if myopathy is diagnosed or suspected. Pregnancy: Contra 
indicated. One month should elapse between ending therapy with “Zocor and planned 
conception, Drug interactions: Care should be taken in patients on concomitant. lipid 
lowering therapy, particularly fibrates or nicotinic acid derivatives or immunosuppressi ve 
therapies 
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The link between coronary heart dist 
elevated cholesterol is Strong and consistent 
The UK has one of the worst records for coronary 
heart disease in the world. If we are to improve oui 
record we must strive to improve all of our nations ri 
factors, including cholesterol. It has Deen estimated 
from a study of hypercholesterolaemic men thal 
a 196 reduction in cholesterol reduces the risk 0! 
coronary heart disease by 2% 
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Zocor* (simvastatin, MSD), the first available 
HMG-CoA reductase inhibitor, is a major breakthroud 


r in cholesterol control from Merck Sharp & Dohme 
~Q ‘Zocor’ is indicated for use in patients with primary 
| hypercholesterolaemia, intolerant or not responsive 


to other forms of therapy, and who have cholesterol 
levels in excess of 7.8 mmol/| 





‘Zocor’ achieves up to 32% reduction of tota 
cholesterol? a reduction unsurpassed Dy any existin 


— agent. In conjunction with a cholesterol-iowering die 
s | ‘Zocor’ is generally well accepted by patients’ and 


in contrast to the majority of agents, iS avaliable as 
— a once-daily tablet 
Side effects include: Abdominal pain, constipation. flatulence, and nausea Less frequently 
asthenia. acid regurgitation. dyspepsia. headache. insomnia. diarrhoea und rash 





Rarely. myopathy. 

BASIC NHS COST p 
10 mg tablets, £18.29 for 28-tablet calendar pack. 20 mg tablets. 3 1.09 for 28-tablet 

-alendar pack. 

roduct licence numbers: 10 mg tablets. 0025/0241. 20 mg tablets, 0025 0242 

ssued April 1990 

® denotes trademark of Merck & Co.. Inc., Rahway, NJ, USA 
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One capsule b.d. 





Steve Redgrave and Andy Holmes are currently 


era When angina outpaces ' 
single-agent therapy 


When monotherapy is insufficient to control angina, Beta-Adalat 
provides the logical combination of Bayer's established calcium 
antagonist, Adalat retard, with atenolol. 


Beta-Adalat is the first fixed combination for angina. The 
complementary modes of action of these two leading antianginal 
agents combine to create a winning team, offering improved 
control of angina with no concomitant increase in side-effects.” 


Beta-Adalat 


50mg atenolol and 20mg nifedipine retard 


a logical combination 


ABRIDGED PRESCRIBING INFORMATION (Please refer to full data sheet before prescribing.) 
Presentation: Reddish brown capsules marked 'Beta-Adalat' with the Bayer cross, each containing 
nifedipine retard 20mg and atenolol 50mg. Uses: Management of hypertension and of angina pectoris 
where either a calcium antagonist or a beta-blocker alone proves inadequate. Dosage and Administration: 
Adults, Hypertension One capsule daily. If necessary, one capsule twice daily. Adults, Angina One capsule 
twice daily. If necessary, additional nifedipine or prophylactic nitrate therapy. Elderly Maximum one capsule 
daily in hypertension or one capsule twice daily in angina. Children Should not be used. Contra-ind 
warnings, etc. Contra-indications: Second or third degree heart block; cardiogenic shock; overt heart 


failure; women capable of childbearing or nursing mothers; co-administration with cardio-depressants, e.g. 
Baye r verapamil. Precautions: Cardiac Care in patients with conduction defects or poor cardiac reserve. Care in 
co-administration with Class ! antidysrhythmic agents and with anaesthetics. Caution in patients with 
Further information available from chronic obstructive airways disease and asthma. Caution when transferring patients from clonidine. 
Bayer UK Limited 
Pharmaceutical Business Group 


Withdrawal of beta-blockers should be gradual in patients with ischaemic heart disease. Diabetes Patients 
may require adjustment of their diabetic therapy. The tachycardia of hypoglycaemia may be modified. Hepatic 
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Does angioplasty need on site surgical cover? 


A surgeon's view 


D John Parker 


Though angioplasty is an established tech- 
nique for the management of coronary artery 
disease, there is still controversy about 
whether it needs on site surgical cover. 

The aims of angioplasty and coronary 
artery bypass surgery in the management of 
coronary disease are similar, namely to relieve 
symptoms and in certain groups to improve 
prognosis, at the lowest risk and morbidity. 
Because the development of myocardial 
damage during both procedures significantly 
reduces long term survival, treatment 
strategies must not be based on short term 
results. Myocardial damage at the time of 
intervention and subsequently is important. 

The principal risk of angioplasty is the 
development of acute myocardial ischaemia 
progressing to infarction. owing to vessel 


occlusion with or without dissection. Increas- - 


ing technical skills and improved equipment 
may reduce these complications but vessel 
occlusion. is likely to remain the chief 
immediate complication of angioplasty. 

The most reliable data on the true incidence 
of complications of angioplasty are more likely 
to come from registers than from individual 
hospitals. In the United States, the Second 
Generation 1985/6 Percutaneous Trans- 
luminal Coronary Angioplasty Register of the 
National Heart, Lung and Blood Institute 
(incorporating 1801 patients) showed a vessel 
occlusion rate of 4.99,, an emergency coron- 
ary artery bypass rate of 35%, a non-fatal 
myocardial infarction rate of 43%, and an in- 
hospital mortality of 1°, (varying from 0-27, 
for single vessel disease to 2:2% for triple 
vessel disease).' The French registry for 1987 
reviewed 2700 patients and recorded a 2:1% 
infarction rate, a 1:7", urgent surgery rate, 
and 0-9? , mortality." l 
— Not all patients in whom vessel occlusion 
develops need either further angioplasty or 
emergency surgery, particularly if there is no 
evidence of myocardial ischaemia or if the 
occluded vessel is very small. A further group 
of patients will have been advised to have 
angioplasty rather than surgery because dis- 
ease in other organs puts them a higher sur- 


gical risk and in such patients a myocardial 
infarction may be the less dangerous option. 

Clearly defined treatment strategies should 
be developed to prevent or limit myocardial 
damage once vessel occlusion occurs and there 
is evidence of myocardial ischaemia. Prompt 
action is required and the best solution is one 
achieved immediately by the angioplasty 
operator—but such attempts are successful in 
only about 50°, of patients and are still as- 
sociated with a considerable risk of myocardial 
infarction. More extended use of techniques 
such as autoperfusion dilatation catheters, 
stents, laser welding, or arthrectomy devices? 
might reduce the need for emergency surgery. 
but they remain experimental. For patients 
who are haemodynamically unstable, the use 
of an intra-aortic balloon pump or percu- 
taneous cardiopulmonary bypass may help to 
stabilise their condition but should not delay 
surgical intervention. 

Given that surgery is important in the man- 
gement of complications of angioplasty, how 
close should the operating theatre be to the 
catheterisation laboratory? Ít is important to 
plan for the worst outcome—which is cardiac 
arrest requiring continuing cardiopulmonary 
resuscitation. Once vessel occlusion and 
myocardial ischaemia have occurred and it ts 
clear that further angioplasty techruques have 
failed, most patients should be transferred to 
the operating theatre as soon as possible. The 
effect of the length of the interval from oc- 
clusion to surgical revascularisation on sub- 
sequent infarction is not clear, largely because 
it is a non-homogeneous population; however, 
in large series rates of myocardial infarction in 
patients requiring emergency Surgery varied 
from 11°, to 46°, j Furthermore, the extent 
of the infarction as well as its occurrence is 
important and the evidence of the effects of 
time to reperfusion from studies of throm- 
bolysis indicates the need for rapid inter- 
vention. I 

In a series of 4142 patients in Eindhoven ot 
whom 155 required emergency Surgery, five 
were taken to theatre in cardiac arrest and 19 
in cardiogenic shock and were revascularised 








ho 


in a median time of 103 minutes and the 
remaining patients in a median time of 135 
minutes. Despite this rapid response time, 
40", of both groups sustained a myocardial 
infarction. After a careful analysis the 
Eindhoven workers concluded that the com- 
plications of angioplasty remain unpredictable 
and they recommended continuing surgical 
cover. 

Richardson et al reported on a selected 
series of 540 angioplasties from Belfast in 
which 12 patients required urgent surgery and 
were transferred 2:4 km to another hospital. 
lhe mean time to revascularisation was 268 
minutes, similar to the time achieved in the 
receiving hospital." Such intervals are twice as 
long as in the Eindhoven study and most 
would view them as being unacceptably long. 
No information was given on the myocardial 
infarction rate in the surgical patients and in 
those who developed vessel occlusion but did 
not undergo surgery. The absence of these 
data seriously compromises the value of this 
study. 

Prompt  revascularisation can best be 
achieved in hospitals in which there are at 
least two operating theatres devoted entirely 
to cardiac surgery. Then emergencies can be 
handled quickly without seriously interrup- 
ting planned operations. 

The earlier the patient reaches the theatre 
the greater the chance that the surgeon will 
use the internal mammary artery, which in the 
territory of the anterior descending coronary 
artery gives a better long term outcome. 

Transfer of the patient to another hospital 
causes inevitable delay even with coordinated 
planning. A special report of a Joint American 
College of Cardiology and American Heart 
Association Task Force recommended that 
angioplasty should be undertaken at a hospital 
where an experienced cardiac surgical team 
was available for emergency surgery.’ This is 
also the view of the Society of Cardiothoracic 
Surgeons of Great Britain and Ireland and the 
International Society and Federation of 
Cardiology." In the United Kingdom there is 
no agreed policy on this issue and several 
units are undertaking angioplasty without on 
site surgical cover. All these units have or 
could develop close links with a major centre 
with surgical facilities. 


Parker 


Surely the best option is for the major 
centres to provide an angioplasty facility for 
cardiologists who do not have on site surgical 
cover but who do have the appropriate expert- 
ise and experience to undertake angioplasty? 
Such a policy should improve the results of 
angioplasty because it would concentrate 
practitioners of angioplasty into a limited 
number of hospitals and so increase their 
opportunities to interchange experience, in- 
crease contact with surgeons, and lead to a 
more comprehensive examination of the place 
of angioplasty and surgery in the management 
of coronary artery disease including the role of 
surgery in myocardial ischaemia induced by 
angioplasty. 

It is more appropriate for cardiologists to 
travel by car than for patients with acute 
myocardial ischaemia (who perhaps will 
require cardiopulmonary resuscitation) to 
travel by ambulance. Angioplasty supported 
by on site surgical facilities is the correct 
policy for the early 1990s and perhaps cardio- 
logists should ask themselves where they as 
patients would prefer to have an angioplasty. 
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Does angioplasty need on site surgical cover? 


A physician’ S View 


TRD Shaw. » 


In Europe, including the United Kingdom, 


` many cardiac laboratories perform ‘coronary. 


angioplasty without having on site facilities. - 
for surgery. They use a rapidly accessible 
surgical unit nearby for back up in the event. 


. Of occlusion. This system was developed as a 


pragmatic response. to balloon- dilatation—a 
revolutionary change in the treatment of 
coronary disease that was based on angiogra- 


. phy skills and facilities. It seemed a reason- . 


able arrangement because Gruentzig and the 
pioneers of angioplasty had indicated that 
back up surgery should be proie Nut 


90—120 minutes. 


The justification for continuing angioplasty 
with nearby off site surgery is the results 


obtained. Richardson et al reported that. in 


Belfast the unit. with off site surgery provided 
revascularisation for patients slightly sooner 


than the unit with on site surgery. None 


of the 12 patients who had off site: surgery 
died. At the Western General Hospital in 
Edinburgh our operating theatre for cardiac 
surgery is three miles away from the catheter- 
isation laboratory.” Of 407 angioplasties - 
carried out up to 1989, seven patients - had : 
emergency coronary surgery. One, with a 
main stem dissection, died after operation. Of 
the six others, three have good left ventricular 


function and three have moderate function. 


All are in New York Heart Association symp- 
tom class I or II after surgery. ‘The angio- 
plasty mortality was 0:25%. These results are - 
similar to those of centres with -ọn site 
surgery. ™ In Belfast and in Edinburgh travel 
in an ambulance, which had. resuscitation. 
facilities, did not seem to cause any clinical ` 
deterioration. > : 

In 1988 two sets of guidelines: for carrying 
out coronary angioplasty were published.’ ê 
Both strongly emphasised on site surgery but 
neither indicated the time limit for surgical 


back up. I suggest that we should consider a 


recommended time limit, perhaps of 120 min- 
utes, between final occlusion and revascular- 
isation. Such a limit, irrespective of whether 
the surgery is on site or off site, would help to 
maintain good standards in coordinating the 
scheduling of angioplasty cases with the sur- 
gical list and in limiting the time spent on . 
attempts to reopen the occluded artery, and in 
the surgical unit getting the patient speedily 
through to reperfusion. More data on survival 
and myocardial preservation are, needed to 
define an appropriate time limit more pre- 


cisely. Although a small series reported by 
Reul et al suggested that infarction could be 
avoided when operation was performed within 
25 minutes of the onset of ischaemia,’ infarc- 
tion rates of 27% and 44%" were found in 
large angioplasty centres where patients could 
be transferred directly to an operating theatre. 
O'Kane et al reported no deaths in 25 patients 
operated on at a mean of 285 minutes after 
occlusion.” 

For most angioplasties the selection of cases 
is similar whether surgical back up is on site 
or off site. For both, the cardiologist and 


: surgeon must judge that the patient has ven- 


tricular function and a coronary anatomy that 
will in the event of occlusion allow a viable 
circulation until cardiopulmonary bypass has 
been started. For very high risk angioplasty, 
in which occlusion might cause extensive 


myocardial impairment an aortic balloon 


pump or a femoral-femoral bypass support 


System is needed. The numbers of high risk 


patients treated by angioplasty are growing 
and such patients should only be treated with 
Off site surgical back up if suitable transport 
with portable support systems is available and 
shown to be effective. This proviso also 
applies when the operating theatre is on site 
but remote from the cardiac laboratory. The 
need for surgical back up has been declining." 
Although occlusion develops in 5% of 
patients treated by angioplasty our ability to 
reopen vessels has improved and only 3% 
need surgical back up while 97% do not. The 
use of stents, perfusion catheter/balloons, and 
other devices is likely to reduce the need 


further. 


I believe therefore that it is reasonable for 
experienced cardiac laboratory teams to per- 


form coronary angioplasty using nearby off 


site operating theatres if back up can be 
obtained within an appropriate time limit. 
There are, however, difficult choices to be 
made about the plans for future facilities. 
There is much to be said in favour of combin- 
ing invasive cardiology and cardiac surgery. 
Interventional cardiology will increase con- 
siderably and the choice of treatment will 
need closer medical and surgical discussion. 
Back up will be needed for various forms of 
non-surgical treatment. But should cardiology 
centralise or cardiac surgery decentralise? 
Should diagnostic angiography be separated 
from interventional cardiology? The man- 
agement of recent onset and unstable angina 


may require much closer links between coro- 
nary care units and cardiac x ray suites but it 
is difficult to separate such admissions to 
coronary care units from general medical 
admissions and to send them direct to off site 
regional cardiac centres. Currently I think 
that coronary angioplasty with off site surgical 
back up makes the best use of the facilities we 
have. 
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VIEWS FROM THE PAST Ernest Henry Starling 








To cardiologists, Starling is best known for his 
law of the heart, which indicated that cardiac 
output is determined by diastolic fibre length. 
Here we see him as a young man at the 
threshold of his career. In 1899, at the age of 33, 
he succeeded Sharpey-Schafer as Jodrell 
professor of physiology at University College, 
London (Lewis collection). 
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Intravenous streptokinase for acute myocardial 
infarction reduces the occurrence of ventricula: 


late potentials 






Eng-Wooi Chew, Patricia Morton, J Gerard Murtagh, Michael E Scott, D Barry O'Keeffe 


Abstract 

The occurrence of ventricular late 
potentials in survivors of acute myocar- 
dial infarction treated with intravenous 
streptokinase was compared with that in 
a conservatively treated group and the 
relation between ventricular late poten- 
tials and patency of the infarct related 
artery was examined. Of 115 patients 
admitted with a first infarct, 55 were 
treated with intravenous streptokinase 
(streptokinase group) and 60 were 
treated conservatively (non-strepto- 
kinase group). A signal averaged electro- 
cardiogram was recorded in all patients 
and coronary angiography was perfor- 
med in 45 (81:895) of the streptokinase 
group and in 21 (35%) of the non-strep- 
tokinase group. At a 40 Hz filter setting 
ventricular late potentials were signifi- 
cantly less common in patients treated 
with streptokinase (9 (16:495) of 55) than 
in those who were not (26 (43:395) of 60). 
A total of 66 patients underwent angio- 
graphy. Of the 26 who had closed infarct- 
related arteries, 17 had ventricular late 
potentials at a 40 Hz filter setting (sen- 
sitivity 65:496, specificity 95%) and 38 of 
the 40 patients with a patent infarct- 
related artery did not have ventricular 
late potentials (sensitivity 809%, 
specificity 89-59). 

Patients with acute myocardial infarc- 
tion treated with intravenous strepto- 
kinase were significantly less likely to 
have ventricular late potentials than 
conservatively treated patients and the 
absence of ventricular late potentials at 
40Hz filter setting was a good non- 
invasive predictor that the infarct- 
related artery was patent. 


Over the past 10 years, several groups using 
special non-invasive processing techniques 
have detected low amplitude, high frequency 
potentials late in the QRS complex and in the 
ST segment on the surface electrocar- 
diogram.'*> In experimental and clinical 
studies these correlated well temporally with 
fractionated  electrograms recorded from 
damaged cardiac tissue.*° Ventricular late 
potentials identify patients at risk of ven- 
tricular tachycardia after acute myocardial 
infarction and who are thus at increased risk 
of sudden cardiac death." 


Thrombolytic treatment reduces mortality 
after acute myocardial infarction ^ by limit- 
ing infarct size. Because thrombolysis also 
reduces the risk of ventricular arrhythmias we 
examined the proposition that ventricular late 
potentials were less common in patients with 
acute myocardial infarction who were treated 
with intravenous streptokinase than in those 
who were conservatively treated. 

Some investigators have suggested that 
abrupt electrocardiographic — repolarisation 
changes after thrombolytic treatment are 
predictive of (but with a low sensitivity 
(67?,)) an open infarct-related artery -> The 
second object of our study, therefore, was to 
examine the relation between ventricular late 
potentials and patency of the infarct-related 
artery. 


Patients and methods 

PATIENTS 

A total of 123 consecutive patients admitted to 
our cardiac unit with a first acute myocardial 
infarction were enrolled into the study. In all 
patients the diagnosis of acute myocardial in- 
farction was confirmed clinically, eiectro- 
cardiographically, and by serum concentra- 
tions of total creatine kinase (CK) and creatine 
kinase MB. Eight patients whose electro- 
cardiogram showed bundle branch block were 
excluded from the study. 

Of the remaining 115 patients, 55 satisfied 
our criteria for treatment with intravenous 
streptokinase (the thrombolytic agerit used in 
our cardiac unit), which was giver as an 
intravenous infusion of 1:3 million IU over 20 
minutes within six hours of onset of chest 
pain (streptokinase group). These patients 
had clear electrocardiographic evidence of 
evolving myocardial infarction and no contra- 
indication to thrombolytic treatment. All 
these patients were subsequently managed 
identically with oral aspirin and intravenous 
heparin for five days. The rest were treated 
conservatively (non-streptokinase group). 
Patients in this group were admitted after the 
six hour "limit" or had a contraindication to 
thrombolysis. 


SIGNAL AVERAGING TECHNIQUE 

A signal averaged electrocardiogram was 
recorded at the end of the first week after 
acute myocardial infarction on a commercial 
Marquette-15 (Marquette Electronics, Mil- 


waukee) machine that has a high resolution 
electrocardiogram option. The method is 
similar to that described by Simson’ and 
Denes et al.” Other investigators have shown 
that the end of the first week is the best time 
to perform the recording." They noted a 
steady increase in the occurrence of late 
potentials throughout the hospital stay and 
that once late potentials had appeared they 
tended to remain. Late potentials recorded 
within the first 24 hours may not reflect 
future risk. because the anatomical and 
electrophysiological alterations of ischaemic 
myocardium in this phase are unstable. 

We used bipolar orthogonal X, Y, Z leads; 
and signals from 500 beats were amplified, 
digitised, averaged, and then filtered with 
bidirectional high band pass filters at 25 Hz 
and 40 Hz. We chose to analyse the results at 
two filter frequencies because there is con- 
troversy about which is the best band pass 
filter frequency for recording ventricular late 
potentials. Previous work from Denes et al, 
Verzoni, et al, and Gomes et al suggests that 
the 40 Hz filter gives a better compromise 
between sensitivity and specificity." ^ ^ 

Signals from the three leads were combined 
into a vector magnitude V —/(x^ + y^ + 2°). 
Automated measurements were provided for 
the duration of the composite electrogram— 
that is “filtered QRS duration" (normal < 
120 ms), the root-mean-square voltage of 
the last 40 ms of the filtered QRS complex 
(normal > 20 uV), and the duration of the 
terminal low amplitude signals less than 40 uV 
(normal « 38 ms). Ventricular late potentials 
were considered to be present if two or three 
of the above values were abnormal. 


CORONARY ANGIOGRAPHY 

Coronary angiography was performed in 45 
(81:8",) of the streptokinase group and 21 
(35",) of the non-streptokinase group. The 
decision to carry out coronary angiography 
was made by the attending cardiologist who 
was unaware of the results of the signal- 
averaged electrocardiogram. Often they were 
patients who had angina or  inducible 
ischaemia on treadmill testing after infarction. 
The infarct-related artery was identified on 
the basis of electrocardiographic abnor- 
malities in the acute phase, The degree of 
residual stenosis was graded according to the 
criteria of the TIMI (thrombolysis in myocar- 
dial infarction) trial investigators." Vessels in 
TIMI grades 2 or 3 were classified as “open”. 


STATISTICAL ANALYSIS 

We used the 7° test with Yates’s correction for 
dichotomous variables and the two sample : 
test for continuous variables. We performed 
regression analysis using the presence or 
absence of ventricular late potentials as the 
dependent variable and the characteristics 
listed in the table as the independent varia- 
bles. The level of statistical significance was 
set at 0-05 or 1 in 20. 


Results 
Figure 1 shows the signal averaged electrocar- 
diogram of a patient treated with intravenous 
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streptokinase and fig 2 shows the signal 
averaged electrocardiogram of a patient treated 
by conventional means. The table shows the 
characteristics of patients in the two groups. 
When analysed singly, three variables 
seemed to influence the presence of late poten- 
tials. These were the administration of strep- 
tokinase, patency of the infarct-related artery, 
and age. As the table shows, patients treated 
with intravenous streptokinase for acute 
myocardial infarction were less likely to have 
ventricular late potentials at the 40 Hz filter 
setting (9 of 55 (16:47) in the streptokinase 
group compared with 26 of 60 (43-3",) in the 
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Figure 1 Signal averaged electrocardiogram from a 
patient with acute myocardial infarction treated with 
intravenous streptokinase. Shaded area represents last 
40 ms of filtered QRS complex. Filtered ORS duration 
= 92 ms ( normal); root-mean-square voltage of last 
40 ms = 90 uV (normal); duration of terminal signals 
less than 40 pV = 16 ms (normal). 
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Figure 2 Signal averaged electrocardiogram from a 
patient with acute myocardial infarction treated 
conservatively. Shaded area represents last 40 ms of 
filtered QRS complex. Filtered ORS duration = 132 ms 
( abnormal ) ; root-mean-square voltage of last 40 ms = 
13 uV f abnormal) ; duration of terminal signals less than 
40 uV = 40 ms ( abnormal). 
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Characteristics (mean ( SD)) of patients in streptokinase and non-streptokinase groups l 


Variable . 


Age (mean (SD)) ` 

Number of men (°,) 
Peak CK (U/l) (mean (SD)) 
Site of MI 
' Anterior 

Inferior ' 

Others 
Number with VLP at 40° 51 

z 

Patent artery (^) - 


CK, creanne kinase, MI, myocardial NUS VLP, ventricular late potentials. 


60% 


 Streptokinase Noh-streptokimnase 
(n m 55) (n = 60) 7 p valus 
36 8 (124) 61 6 (10-5) 0 048 
(84°) (68%) NS 
1301 (1049) 1335 (806) NS 
30 (545%) 39 (65%) NS 
.22 (409, 18 (30%) NS 
3 (55%) 3 (5%) NS- 
9 (16 4°,) 26 (433%) 0 003 
2 - (3.6%) 6 (10%) -NS . 
32 of 45 (71%) 8 of 21 (38%) - NS 
non-streptokinase group (p = 0 003)). The 


patency of the infarct-related artery also sig- 


_ nificantly influenced the presence of ven- 


tricular late potentials. Of the 26 patients witha 
closed infarct-related’ artery, 17 (65: 4%) had 
late potentials compared with two (595) of 40 
patients with a patent infarct-related artery 
(p < 0-0001). Patients with ventricular late 
potentials also tendéd to be older (p = O- '048). 


The occurrence of ventricular late potentials ` 
. did' not seem to be influenced by the other 
variables such as Sex, peak creatine kinase, and 


infarct site. 
The occurrence of ventricular late potentials 
at 25 Hz in the two groups was not significantly 


different (although there was a trend towards a 
lower incidence in the streptokinase group— 


two (3:695) of 55 in the streptokinase group 


patients with acute myocardial infarction 
treated with intravenous streptokinase than in 


" those treated conservatively. Our study also 


` 
h 


.-trically more stable myocardium” ” 


showed that the absence of ventricular late 


' potentials after acute myocardial infarction is a 
"good, non-invasive predictor of the patency of 
, the infarct-related artery. This may be valuable 


information because thrombolytic treatment is 
now widely used and the absence of ventricular 
late potentials may help to identify those 
patients who will benefit most from coronary 
arteriography and perhaps further invasive 
treatment. 

Our study showed that the patency of the 
infarct-related artery exerts an independent 
effect on the presence of late potentials. Our 


.data, in accord with those of others," °? do 
.not suggest that the presence or absence of 


ventricular late potentials correlate with left 
ventricular ejection fraction. Successful 
thrombolytic treatment results in an elec- 
and 
Braunwald has suggested that a patent, blood- 
filled, infarct-related artery and vascular bed 
may provide a scaffolding that limits expansion 


of the necrotic myocardium.” We further 
“propose that the lower incidence of ventricular 


. late potentials in patients treated with intra- 
_ venous streptokinase may be related to the 


compared with six (10%) of 60 in the non-.: 


streptokinase group (p — 
patency of the infarct-related’ artery was not 
significantly associated with the occurrence of 
ventricular late potentials—three (11:594) of 26 


occluded. arteries 'and two: (5%) of 40 open’ 


arteries had late potentials (p = 0-57). 

Of 66 patients who underwent angiography, 
26 had closed infarct-related arteries. Of these, 
17 .had ventricular late potentials at 40 Hz 
(sensitivity 65- 495, specificity 9595) but only 


~ three-had ventricular late potentials at 25 Hz 


(sensitivity 11:595, specificity 95%). In 38 of 
the 40 patients with a patent infárct-related 
artery, there were no ventricular late potentials 
at a 40 Hz filter setting (sensitivity 80-975, 
specificity 89:595). At 25 Hz the corresponding 
EN was 62:3% and the specificity was 


- When we used multifactorial analysis to 
examine the ‘relation between the preserice of 
late potentials. and the other variables, the best. 
predictor was the patency of the infarct-related 
artery followed by'the administration of intra- 
venous streptokinase and an inferior site of the 
infarct. The effect of the patency of the infarct- 
related artery was independent of that of 
streptokinase. The influence of age, apparent 
initially, became unimportant when these 
variables were taken into account. 


Discussion 

Most clinical studies of ventricular late poten- 
tials have examined their ability to identify 
patients at risk of ventricular arrhythmias after 
acute myocardial infarction. We showed that 
ventricular late potentials were less common in 


0-33). At 25 Hz the - 


reduction in mortality in this group compared 
with a conservatively treated group. 

Gang et al found that the occurrence of 
ventricular.late potentials in acute myocardial 
infarction was significantly less after successful 
thrombolytic treatment with tissue plasmino- 
gen, activator (595) than after conservative 


. treatment (23% )./° Of the 157 patients studied 


by Eldar et.al, 65 were treated with throm- 


bolysis (24 with streptokinase and 41 with 


, tissue plasminogen activator)."* The frequency 


of late potentials in this group was 14%, 


.compared with 22-5% in a conservatively 


treated group. Our results accord with these 
findings but we found that a higher percentage 
of patients in both groups (16-4945 and 43:395 
respectively) had ventricular late potentials. 
This may be explained by the different filter 


frequencies used and different definition of 


ventricular late potentials. The thrombolytic 
agent administered may be relevant because 
initial reports from the TIMI trial (phase 1) 
suggest that tissue plasminogen activator 
results in higher patency rates of the infarct- 
related artery than streptokinase.” Our figure 
of 43:39, for late potentials in the con- 


servatively treated group of patients is similar 


to that found by other investigators.” ?é 

The problems remain of standardising the 
technique of surface signal averaging and of 
defining ventricular late potentials in order to 
compare results between centres. In most 
studies, the choice of filter setting has been 
arbitrary. Gomes et al showed that a 25 Hz 


. filter setting gave a low sensitivity but the best 


specificity, whereas a 80 Hz filter provided best 
sensitivity but low specificity.’ A 40 Hz filter 
provides a sensitivity and a specificity inter- 
mediate between those at 25 Hz and 80 Hz. 
Furthermore, Denes et al showed that the 
40 Hz filter gives better reproducibility of 


measurements." For these reasons we used the 
40 Hz filter in our analysis. Ventricular late 
potentials detected at 40 Hz filter setting were a 
more sensitive and specific method of predict- 
ing the patency of the infarct-related artery 
than the results at 25 Hz. We think that the 
25 Hz filter underestimates the occurrence of 
ventricular late potentials. Gang et a/ used the 
25 Hz filter in their study and found that 
patients with closed infarct-related arteries 
had a higher (but not statistically significant) 
incidence of ventricular late potentials than 
those with open arteries.? Our study showed 
that the 40 Hz filter was better in predicting 
patency of the infarct-related artery. We are 
awaiting the results of a long term follow up in 
these patients, to compare the results with the 
25 Hz filter with those with the 40 Hz filter. 
Preliminary results suggest that the 40 Hz filter 
may give the result that best predicts long term 
‘clinical outcome. 

Qur results showed a relation between late 
potentials and inferior infarcts. This was also 
noted by Kuchar et al’ but not by McGuire et 
al or Gang et al? The reason for this 
discrepancy may be related to the size of the 
study population and different definitions of 
late potentials used. It may be that because 
the inferior wall of the heart is one of the later 
parts to depolarise, low amplitude signals that 
originate there are more likely to become 
apparent.^ 

This was not a ndoani, placebo con- 
trolled study because early reperfusion is 
known to improve survival after acute myo- 
cardial infarction and we thought that a 
randomised trial would be unethical. Patients 
in the conventionally treated group presented 
after the six hour “limit” or had contraindica- 
tions to treatment with streptokinase. Apart 
from this difference they are a group (table) 
that is comparable in age, sex, and site of infarct 
with the streptokinase group. 

From this study, we conclude that intra- 
venous streptokinase administered for acute 
myocardial infarction and the presence of an 
open infarct-related artery exert independent 
effects on the presence of late potentials. The 
absence of ventricular late potentials after acute 
myocardial infarction seems to be a good 
non-invasive predictor of the patency of the 
infarct-related artery. Detection of ventricular 
late potentials after thrombolytic treatment 
therefore is an additional non-invasive, simple 
means of predicting patency of the infarct- 
related artery and may help in selecting which 
patients require detailed invasive investiga- 
tions. 


We thank Dr G McKenzie for his advice on the statistical 
analysts of the results 
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Raised plasma concentrations of atrial natriuretic 
peptide are independent of left atrial dimensions 
in patients with chronic atrial fibrillation 


Hans Berglund, Samia Boukter, Elvar Theodorsson, Hans Vallin, Olof Edhag 


Abstract 

The aim of the present study was to 
determine whether left atrial size—a 
likely indicator of atrial stretching-— 
correlates with the plasma concentration 


- of atrial natriuretic peptide and whether 


this relation is different in patients in 
sinus rhythm and in those with atrial 
fibrillation. Arterial plasma concentra- 
tions of immunoreactive atrial natri- 
uretic peptide (ir-ANP), adrenaline, 
noradrenaline, aldosterone, and vaso- 
pressin were measured in 13 patients 


in sinus rhythm without apparent heart 


failure and in 13 patients in atrial fib- 
rillation. The two groups were matched 
for left atrial diameter and the ratio of 
the left atrial diameter to the diameter 
of the aortic root (assessed by echocar- 
diography). There were no significant 
differences in age, heart rate, blood 
pressure, or left ventricular end diastolic 
diameter between the two groups. Left 
atrial diameters varied from 33 to 60 
mm. The mean (SD) plasma concentra- 
tion of ir-ANP was significantly higher 
(35 (21) pmol/l) in the patients with 
atrial fibrillation than in those in sinus 
rhythm (12 (11) pmol/l). The concentra- 
tion of plasma aldosterone was also 
higher in patients with atrial fibrillation 
(831 (366) v 523 (211) pmol/l. Concentra- 
tions of adrenaline, noradrenaline, and 
vasopressin were similar in both groups. 
None of the hormone concentrations 
correlated with left atria] dimensions. 

These results indicate that plasma 
concentrations of ir-ANP and aldo- 
sterone are highly sensitive indicators 
of changes in haemodynamic function 
during atrial fibrillation. They also 
underscore the difficulties of corre- 
lating echocardiographic assessment of 
patients with plasma concentrations of a 
vasoactive hormone. 


'T he discovery of the atrial natriuretic peptide 
(ANP}—a hormonal link between the heart 
and the kidney—evoked new interest in the 
mechanisms of heart-kidney interactions.’ 
Atrial stretch is held to be the major stimulus 
for release of ANP.” This peptide has potent 
natriuretic, vaso-relaxant, and aldosterone- 
inhibiting properties.^? Plasma concentrations 
of immunoreactive (ir)-ANP increased during 
paroxysmal atrial fibrillation and decreased 
after successful electric cardioversion.*? The 
left atrial diameter was reported to increase 


with the duration of atrial fibrillation.? This 
increase might be attributable to long-stand- 
ing stretching of the left atrial wall caused by a 
continuously raised atrial pressure leading to 
dilatation. The aim of the present study was 
to determine whether left atrial size—a likely 
indicator of such stretching—corresponds to 
the plasma concentration of ANP and whether 
this relation 1s different in patients in sinus 
rhythm and in those with atrial fibrillation. 


Patients and methods 

PATIENTS 

The study group was selected from 52 patients 
admitted during 1982 and 1983 to our cardiac 
department with atrial fibrillation of short 
duration. All patients were successfully 
cardioverted and were subsequently followed 
up in the outpatient clinic. Thirteen patients 
with a mean (SD) age of 63 (7) years were still in 
sinus rhythm in 1988. From the group of 
patients who had relapsed into atrial fibrillation 
we selected 13 patients to form matching pairs 
with the 13 patients still in sinus rhythm (table 
1). All were in New York Heart Association 
functional class I. T'wo patients in each group 
had an old myocardial infarction and four 
patients in the atrial fibrillation group and two 
patients in sinus rhythm had type II diabetes 
mellitus. Radiological signs of decompensa- 
tion—that is redistribution of blood in the 
lung, widened or poorly outlined pulmonary 
vessels, Kerley B lines, or interstitial oedema— 
were not found on chest x ray.’° Table 1 gives 
the relative heart volume." All patients were 
maintained on their regular medication, 
including digoxin, diuretics, f blockers, cal- 
cium antagonists, and class I antiarrhythmic 
agents. The drug intake was similar in the two 
groups except that seven of the patients in sinus 
rhythm and two in atrial fibrillation were 
taking class I antiarrhythmic agents. Only 


Table 1 Patient characteristics (mean (SD) ) 


Sinus Atrial 


Vanable rhythm fibrillation 
No 13 13 

Age (years) (7) 64 (5) 
LAD/AO ratio 1 24 (0 14) 1 24 (0 16) 
LAD (mm (6) 45 (6 
LVEDD (mm) 54 (10) 49 (6) 

HR (beats/min) 64 (12) 66 (14) 
BPs (mm Hg) 148 (14) 147 (17) 
BPd (ram Hg) 86 (9) 88 (7) 
Heart volume (mi/m?)* 525 (19) 551 (125) 


No statistically si cant differences were found (paired : test) 
LAD, left atrial diameter, AO, aortic root diameter, LVEDD, 
left ventricular end diastolic diameter, HR, heart rate, BPs, 
systolic blood pressure, BPd, diastolic blood pressure 

* Assessed by chest x ray." 
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patients in the atrial fibrillation group (n — 4) 
were taking calcium antagonists. Informed 
consent was obtained from each patient and 
the study was approved by the local ethics 
committee. 


PROTOCOL 
We used an Interspec Cardioscan echocar- 
diograph. The heart was visualised from the 
left sternal border with the patient in the left 
lateral position. All examinations were under- 
taken by the same echocardiographer. The 
leading edge method was used for measure- 
ments.? A left ventricular end diastolic 
dimension, left atrial end systolic dimension, 
and a diastolic aortic root dimension were 
measured in millimetres in a long axis view 
obtained from the left sternal border. 
Immediately after the echocardiographic 
investigation and with the patient remaining in 
the supine position, an arterial blood sample 
was drawn to measure the concentrations of ir- 
ANP, vasopressin, aldosterone, adrenaline and 
noradrenaline in plasma. These samples were 
taken after 45—60 minutes of rest. 


RADIOIMMUNOASSAY 

Blood samples were drawn into chilled 
heparinised tubes and centrifuged within 10 
minutes. Plasma samples were stored at — 20°C 


until they were processed. ANP was measured: 


by a competitive radioimmunoassay based on 
antiserum RAS 8798 (Peninsula, CA, USA) 
raised in a rabbit against alpha human ANP. 
The radioligand, I ANP, was purchased from 
Amersham (England) and the standard was 
synthetic human ANP (Peninsula). The IC5, 
value concentration of unlabelled peptide in 
the assay tube inhibiting the maximal binding 
by 50°, of the antiserum was 8:9 pmol/l. The 
antiserum cross reacts 100% with ANP (8-33), 
60°, with ANP (8-28), and 10% with auriculin 
A, but does not cross react with oxytocin or Arg 
8 vasopressin. Plasma samples of 1:0 ml were 
extracted with Sep Pak (Waters, USA) as 
described by Theodorsson-Norheim et al.” 
The recovery of synthetic human ANP added 
to human plasma was 83% at 25 pmol/l and 
85°, at 100 pmol/l (n = 5 in each group). The 
standards and samples were incubated with the 
antiserum at 4°C and the radioligand was then 
added; this was followed by a further 24 hour 
incubation. Bound radioligand was separated 
from free radioligand by a donkey—antirabbit 
IgG solid face second antibody coated cellulose 
suspension (Sac-Cel, Wellcome). The inter- 
assay coefficient of variation was 11%. In 23 
healthy individuals (mean age 63 (4) years) the 
mean plasma concentration of ir-ANP was 18 
(9) pmol/l. 

Plasma concentrations of arginine vaso- 
pressin were measured by a corumercial radio- 
immunoassay (Bühlman, Basel). The normal 
reference value for the plasma concentration of 
immunoreactive arginine vasopressin (AVP) at 
rest was «5:5 pmol/l.^ Aldosterone was 
analysed by a commercial radioimmunoassay 
(CIS, Biomedica, Saluggia, Italy) and the 
normal reference value was «860 pmol/l.” ° 
Adrenaline and noradrenaline were measured 
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by high performance liquid chromatography 
with electrochemical detection.” ? The refer- 
ence value for adrenaline was < 0-48 nmol/l and 
for noradrenaline it was <2 3 nmol/l. 


STATISTICAL ANALYSIS 

Values are expressed as mean and standard 
deviation. Linear regression analysis and 
Pearson's correlation coefficient were used to 
estimate the relation between the left atrial 
dimensions and the plasma concentrations of 
the hormones. Differences between the two 
patient groups were tested with the paired t 
test. p values of « 0:05 were regarded as 


significant. 


Results 

Table 2 shows the results of the hormone 
analysis. The left atrial dimensions and the 
ratio of the left atrial diameter to the diameter 
of the aortic root varied considerably (33— 
60 mm and 1:03—1-48 respectively). No signi- 
ficant differences in heart rate, blood pressure, 
left ventricular end diastolic dimension, or 
concentrations of adrenaline and noradrenaline 
were found between the groups. The mean 
plasma concentration of ir-ANP was signifi- 
cantly higher in the group with atrial fibrilla- 
tion than in the sinus rhythm group (35 (21) 
and 12 (11) pmol/l respectively; p = 0-003) (fig 
1A). The mean plasma concentration of aldos- 
terone (fig 1B) was also higher in patients with 
atrial fibrillation than in the group in sinus 
rhythm (831 (336) v 523 (211) pmol/l; p = 
0-003). The mean noradrenaline, adrenaline, 
and vasopressin concentrations were all close to 
the upper normal limit but no statistically 
significant differences were found between the 
two groups. Figure 2 shows the relations be- 
tween the left atrial dimensions and the 
measured hormones. We found no correlation 
in either group between left atrial diameter or 
left atrial diameter/aortic root diameter ratio 
and the plasma concentration of any of the 
hormones that we measured (table 3). 


Discussion 

Awareness that the heart secretes a peptide 
with natriuretic, vasodilating, and aldosterone- 
inhibiting properties has revitalised interest in 
the physiological and pathophysiological link 
between the atria and the control of fluid and 
electrolyte balance. Concentrations of this pep- 
tide were increased in conditions associated 
with raised atrial filling pressures.” Further- 
more, paroxysmal atrial fibrillation has been 
shown to increase plasma concentrations of 
ANP, and successful treatment with electrical 


Table 2 Hormone concentrations (mean (1 SD}} 








Sirus Arial P 
rhythm fibrillation Value 
1r-ANP (pmol/l) 12 (11) 35 (21) 0-003 
Aldosterone (pmol/1) 523 (211) 831 (366) 0 003 
Adrenaline (nmo 0 31 (0 14) 0 44 (0-31) NS 
Noradrenaline 
(nmol/l) 233(09)  234(076 NS 
€ vasopressin 
(pmol/l) ` 6 5 (7 2) 54 (3 9) NS 
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Figure I (A) Plasma 
concentrations of ir- ANP 
(mean ( 1 SD)) im 13 
patients in sinus rhythm 
and in 13 with atrial 
fibrillation, ( B) Plasma 
aldosterone concentrations 
(mean (1 SD)) in 12 
patients in sinus rhythm 
and in 12 with atrial 
fibrillation. 


Figure 2 Relations 
between left atrial 
diameter and plasma 
concentrations of analysed 
hormones No nemficant 
correlations were found, 
Table 3 shows the 
correlation data. Missing 
values: aldosterone (one); 
argimine vasopressin 
(two); ir- ANP (two 
patents had values of 43 
mm and 24 pmol/l). 
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Sinus rhythm Atrial fibrillation 


cardioversion is followed by a decrease in 
plasma ANP.’® Whether these findings are 
fully explained by haemodynamic alterations in 
the atrium during atrial fibrillation or whether 
the reduced frequency of the atrial contractions 
in itself is an important factor is at present 
unknown; though it has been suggested that 
raised atrial pressure during atrial fibrillation 
may be the main cause of the increased concen- 
tration of ANP.” An increase in left atrial 
dimensions with the duration of atrial fibrilla- 
tion was reported, a finding that may be 
interpreted as a result of long-standing 
unfavourable distension of the left atrium.’ If 
we assume that ANP release is mediated by 
atrial stretch, it is not unreasonable to expect 
some correlation with atrial diameters, 
especially in patients with chronic atrial 
fibrillation. 

In the present study we also investigated the 
relative importance of cardiac rhythm itself— 
that is sinus rhythm versus atrial fibrillation— 
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to the release of ir-ANP. The two groups 
investigated, with 13 patients in each, were 
almost 1dentical in terms of several important 
echocardiographic cardiac variables. But the 
significantly higher concentration of ir-ANP in 
the atrial] fibrillation group could not be 
explained by more pronounced dilatation of the 
left atrium because this variable was similar in 
both groups. Furthermore, no relation was 
found between left atrial dimensions and 
plasma concentration of ir-ANP in either of the 
two groups. Becáuse the left atrial size varied 
considerably, significant correlations with 
plasma ir-ANP concentration should have 
been detected. This observation provides 
further evidence for the view that left atrial 
size, in clinically stable patients, is not a major 
determinant of the plasma concentration of 
ANP. The lack of a significant correlation 
between left atrial dimension and plasma ir- 
ANP accords with the findings in a previous 
study of 30 patients in sinus rhythm.” In 
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Table3 Correlation between echocardiographic measurements and hormone concentrations 


Sinus rhythm Atrial fibrillation 

LAD LAD/AO LAD LAD[AO 
Variable r? b r? P r? P p P 
te aaae 

-ANP (pmol 2 x 10* 0-96 001 0 70 0 07 0 38 0 18 0-15 

Aldosteron us o 0 09 031 0 01 0-83 2 x 10* 0-96 0-11 0 28 
Adrenaline (nmol/l) 002 0 64 001 0-80 0-20 0-13 0 17 0 16 
Noradrenaline (nmol/l) 0 13 0 23 0-13 0-23 0-01 0-79 3x10* 0-96 
AVP (pmol!) 017 019 018 0-17 001 0 74 0 02 0-69 
nt CN Lt CT 


AO, aortic root diameter, AVP, arginine vasopressin; LAD, left atrial diameter. 


another study an unchanged left atrial di- 
ameter, measured by means of echocardio- 
graphy, before, one, and 30 days after success- 
ful cardioversion treatment for short term atrial 
fibrillation was associated with a considerable 
and significant decrease in the plasma concen- 
tration of ir-ANP.? 

Absence of a correlation between the left 
atrial diameter and the plasma concentration of 
ir-ANP is not a surprising finding in view of the 
complexity of the neurohormonal changes 
caused by a hypokinetic circulation and atrial 
stretch." Probable modulating factors -such as 
atrial compliance and transmural pressure 
might also reduce the value of echocardio- 
graphic measurements of the left atrium.as an 
indication of actual dynamic distension of the 
atria. The possibility of resetting of at least 
some atrial receptors or a fall in sensitivity with 
chronic dilatation might also have influenced 


. our results.” 


In contrast with our findings, in a study on 
children with congenital heart disease an index 
calculated as the right atrial area in relation to 
body area was found to correlate well with 
plasma concentrations of ANP.” It is reason- 
able to expect that factors modulating ANP 
release and atrial stretch will be less pro- 
nounced in this younger patient group with 
well-defined cardiac disease, making the pos- 
tulated relation between atrial pressure and 
atrial size more easily detectable. 

Plasma concentrations of adrenaline, nor- 
adrenaline, and arginine vasopressin were 
similar in both the groups and these hormone 
concentrations did not correlate with the left 
atrial measurements. Raised plasma concentra- 
tions of noradrenaline, adrenaline, and arginine 
vasopressin were reported during hypokinetic 
circulation.^? The lack of difference in these 
variables emphasises the similarity between the 
two patient groups. Furthermore, the concen- 
trations of these vasoactive hormones were 
close to the normal ranges, indicating that there 
was no major degree of derangement of the 
peripheral and renal circulations. Hence, an 
increased plasma ir-ANP concentration seems 
to be a very sensitive marker of atrial stretch, 
which is probably associated with atrial 
fibrillation. 

Some studies suggest that the heart rate per 
se influences the release of ANP but other 
studies of atrial pacing and of patients with 
congestive heart failure showed no clear corre- 
lation between plasma ir-ANP and heart rate. 
À higher heart rate in the atrial fibrillation 
group is not a likely cause of the raised ir-ANP 


because the heart rates were almost equal in 
both groups. The possibility that the dynamic 
pressure changes within the cardiac cycle and 
variability of pressure changes from beat to 
beat influenced the release of ANP cannot be 
ruled out. Furthermore, a difference in the 
relation between atrial pressure and atrial wall 
stretch between patients in atrial fibrillation 
and those in sinus rhythm, which might be 
attributable to the presence or absence of atrial 
contraction, is likely. A study comparing the 
influence of DDD and VVI pacing on plasma 
concentrations of ir-ANP in patients with type 
III atrioventricular block supports the view 
that irregularities in ventricular rhythm, with 
loss of the synchronous atrial contractions, may 
lead to disadvantageous atrial stretching.” VVI 
pacing was associated with raised concentra- 
tions of ir-ANP, whereas the plasma concen- 
trations were normal in the group with DDD 
pacing. The importance of trying to find the 
most physiological pacing mode was shown in a 
study in which a lower cardiovascular mor- 
bidity and mortality was found among patients 
with sick sinus syndrome treated with AAI 
pacing than in those treated with VVI pacing.” 
Since the plasma concentrations of ir-ANP 
seem to be a sensitive marker of atrial disten- 
sion, with a rapid responsiveness to changes in 
such distension, they might be of some use as a 
guide in optimising pacemaker treatment. 

Information is limited on the effects of 
calcium entry blocking agents on renal 
haemodynamic function and plasma concen- 
trations of aldosterone in patients with atrial 
fibrillation and mild compensated congestive 
heart failure. In some patients with congestive 
heart failure nifedipine can cause deterioration 
of renal function.? However, in the present 
study only four patients in the atrial fibrillation 
group were treated with calcium blockers and 
data on individual differences between these 
pairs of patients do not account for the ob- 
served statistically significant difference be- 
tween the groups. Normal electrolytes and 
similar diuretic treatment in the examined 
groups make these factors less plausible as 
causes of the difference. Hence, it is possible 
that the difference in the plasma aldosterone 
concentration reflects unfavourable changes in 
haemodynamic function during atrial fibrilla- 
tion. 

We conclude that atrial fibrillation is 
associated with an increase in the plasma con- 
centrations of ir-ANP and aldosterone that is 
independent of left atrial dimensions, age, and 
heart rate. These findings do not deviate from 


the previous observation that atrial stretch, as 
reflected by atrial mean pressures, is the major 
stimulus for release of ANP, but they under- 
score the difficulties in . correlating 
echocardiographic assessments of patients with 
plasma concentrations of cardiovascular hor- 
mones. We do not know whether our findings 
can be fully explained by unfavourable 
haemodynamic conditions in the atria (as 
reflected by raised mean atrial pressures) or are 
influenced by irregularities in atrial stretch 
caused by irregular ventricular contractions, or 
are attributable to a yet unknown link between 
atrial fibrillation and plasma ANP. To clarify 
this issue further, we need studies focusing on 
the atrial contraction pattern in relation to 
haemodynamic changes and hormone release. 
In addition, the present findings indicate that 
aldosterone is a highly sensitive indicator of 
alterations in haemodynamic function during 
atrial fibrillation. 
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Antianginal efficacy of exercise training: a 
comparison with f blockade 


Iain C Todd, David Ballantyne 


Abstract 

Forty men with chronic stable angina 
and no prior myocardial infarction were 
studied. Exercise tolerance testing was 
carried out off treatment and after f 
blockade. 8 Blockers were stopped and 
the patients were randomised to a con- 
trol group and a study group of patients 
who undertook a one year high intensity 
training programme. The groups were 
then restudied. Submaximum heart rate 
was reduced by 13 beats per minute by 
training and by 23 beats per minute by 
atenolol. Training increased the max- 
imum heart rate by 10 beats per minute 
and atenolol reduced it by 29 beats per 
minute. The double produce ST thre- 
shold was increased from 183 to 205 by 
training but reduced to 143 by atenolol. 
Maximum ST depression was similarly 
reduced by both training and atenolol. 
As a result of the effects on maximum 
heart rate, training produced a greater 
improvement in exercise tolerance than 
atenolol with a treadmill time increased 
from 741 seconds to 1272 seconds with 
training compared with 974 seconds with 
atenolol. Other variables were similarly 
affected. 

Thus the antianginal efficacy of exer- 
cise training is as good as that achieved 
by f blockade and represents an alter- 
native to such treatment. 


Exercise training may be used as an adjunct to 
medical treatment in the management of 
coronary artery disease. It has been shown to 
aid the rehabilitation of patients after myocar- 
dial infarction" or coronary artery bypass 
grafting** and will also improve exercise 
tolerance in chronic stable angina pectoris. ^! 
This latter effect is achieved by a reduction in 
heart rate at submaximal workloads and hence 
an increase in the level of work required to 
reach the angina threshold. The relative 
bradycardia is the result of a reduced level of 
sympathetic stimulation and in the resting 
state also an increase in parasympathetic tone. 
This in turn is brought about by a reduction 
in sensory input to the cardiovascular control 
centre in the medulla oblongata by receptors 
in trained muscles. i 

p Blockade competitively inhibits the sym- 
pathetic stimulation of the heart and, like 
exercise training, produces a relative 
bradycardia. The similarity in the modes of 
action of exercise training and f blockade 


prompted us to compare these two methods of 
reducing sympathetic stimulation and 
improving exercise tolerance. Whereas others 
examined the effectiveness of training during 
P blockade," the effects of the two interven- 
tions had not been directly compared. 


Patients and methods 

We studied 40 men aged <60 years with 
chronic stable angina of at least six months’ 
duration. Exclusion criteria included previous 
myocardial infarction, diabetes, valve disease, 
hypertensive left ventricular hypertrophy, and 
exercise induced ventricular arrhythmias. 
Treatment with f blockers was stopped for 
four weeks before the study. An initial tread- 
mill exercise tolerance test for diagnosis and 
familiarisation was carried out. This was fol- 
lowed one week later by a baseline exercise 
test. The diagnosis of angina required a 
typical history of exertional chest pain and the 
development of such pain during the initial 
exercise tolerance test in association with 
horizontal or downsloping ST depression of 
>] mm recorded 80 ms after the J point. All 
patients then received atenolol 100 mg daily 
for one week with repeat exercise tolerance 
testing thereafter. Atenolol was then with- 
drawn and patients were randomised into 
exercise and control groups to control for the 
effect of the natural course of the disease on 
exercise tolerance. 

Over the next year all patients requiring 
antianginal medication received nifedipine 
and glyceryl trinitrate in the first instance 
with the later addition, if required, of isosor- 
bide dinitrate. When f blockade was required 
during the study for increasing symptoms 
then the patient was withdrawn from the 
study. Twenty patients were randomised into 
each, group. During the course of the. study 
unstable angina requiring f blockade 
developed in one patient in the exercise group, 
and one patient in the contro! group died 
suddenly. T'wo other patients in each group 
were lost to follow up. At the end of the year 
we restudied 17 patients in each group. 


EXERCISE TESTING 

Exercise testing was carried out using the 
Marquette Case II treadmill with continuous 
12 lead electrocardiographic monitoring. The 
electrocardiogram was recorded in patients 
sitting and standing at rest and at one minute 
intervals throughout the test. À modified 
Naughton protocol was used with a constant 
speed of 3 mph (5 km/h) and initial gradient 
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Table 1 Demographic data on exercise group 


Patient Age 
l 51 
2 55 
3 47 
4 45 
5 57 
6 55 
7 60 
8 51 
9 52 

10 55 

ll 52 

12 60 

13 48 

14 59 

15 57 

16 58 

17 48 

18 46 

19 48 

20 58 

Mean(SD) 53 


Duration of Smoking Height Weight 
angina ( month) habits (in) (1b) 
24 Ex-smoker 7À 220 
8 Ex-smoker 70 175 
10 Non-smoker 69 190 
24 Ex-pipe smoker 70 188 
6 -moker 68 165 
12 Ex-smoker 64 142 
36 Bx-smoker 68 136 
6 Ex-smoker 72 221 
9 Smoker 64 159 
60 Smoker 74 198 
8 Smoker 74 215 
24 Non-smoker 70 188 
6 Ex-smoker 148 
18 Non-amoker 67 140 
108 Non-smoker 67 150 
6 68 196 
12 192 
12 Ex-stnoker 69 204 
6 Non-smoker 67 182 
6 Ex-smoker 
20 0 (24-6) — 69 (3) 182 (28) 


l inch = 25-4 mm; 1 Ib = 0 45 kg. 


of 0°,.'* The gradient was increased by 2:5% 
every three minutes. All exercise tests were 
carried out between 9 am and 10 am after a 12 
hour fast and 24 hours after the last dose of 
any antianginal agent. Blood pressure was 
recorded manually during the last minute of 
each stage of the exercise protocol. Heart rate 
and ST segment variables were measured 
from the 'appropriate 12 lead electrocar- 
diograms. The treadmill protocol produced a 
linear increase in workload and heart rate, the 
rate of-change of each being 1 MET and 4-5 
beats per stage respectively. This allowed 
accurate measurement of end points. We 
examined three broad groups of variables: (a) 
those which reflect “fitness” —that is resting 
and submaximal heart rates; (b) those which 
reflect disease severity—that is maximum 
heart rate, maximum double product (heart 
rate x systolic pressure); maximum ST 
depression, and double product ST threshold 
(double product at which 1 mm of horizontal 
or downsloping ST depression was first re- 
corded); and (c) those that reflect a combina- 
tion of fitness and disease severity—that is 
treadmill time, estimated workload, and time 
to 1 mm ST depression. 


Table 2 Demographic data on control group 








Duration of Smoking Height Weight 
Patient Age (yr) angina (month) habits (tn) (ib) 
21 57 8 Non-smoker 62 127 
22 60 96 Non-smoker 73 191 
23 54 10 Ex-smoker 69 187 
24 50 12 Smoker 70 175 
25 55 6 Non-smoker 67 166 
26 48 15 Non-smoker 68 181 
27 53 10 Ex-smoker 71 190 
28 53 6 Ex-smoker 73 225 
29 56 6 Non-zmoker 68 170 
30 48 6 Ex-emoker 71 184 
31 40 8 Bx-emoker 70 214 
32 53 12 Smoker 70 205 
33 49 6 Smoker 66 159 
34 60 9 Non~-smoker 68 170 
35 37 6 Smoker 66 181 
36 56 6 Ex-stmoker 68 165 
37 50 12 Smoker 66 143 
38 46 6 Hx-smoker 68 171 
39 45 8 Non-smoker 70 216 
40 50 6 190 
Mean(SD) 51 12-7 (9-8) — 69 (3) 181 (24) 


l inch = 25 4 mm; 1 lb = 0 45 kg. 
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TRAINING SCHEDULE 

The training group undertook the Canadian 
Airforce Programme for Physical Fitness." It 
is a brief (11 minutes) daily exercise 
programme of five callisthenic type exercises 
that needs no special equipment. It could 
therefore be prescribed for daily home use. 
Exercise levels increase in intensity each week 
to achieve a progressive increase in physical 
fitness. Patients were advised to progress from 
one level to the next provided the previous 
level could be completed within 11 minutes 
without excessive chest pain or dyspnoea. A 
weekly in-hospital supervised session was 
used to initiate new patients and to monitor 
early progress. Subsequent attendance at this 
session was optional. In-hospital sessions 
were carried out under the guidance of 
physiotherapists. Those individuals in the 
control] group were informed that mild exer- 
cise could be beneficial and were advised on 
diet and smoking habits. Regular follow up of 
these patients was maintained throughout the 
year. 


Results 
Tables 1 and 2 show the demographic data for 
the two groups. The mean age for the exercise 
group was 53 (range 45-60) with a mean 
duration of angina of 20-0 months, while the 
mean age for the controls was 51 (range 37- 
60) with a mean duration of angina of 127 
months. There was a low overall incidence of 
smoking although many patients were former 
smokers, most having stopped since diagnosis. 

Randomisation produced groups whose 
baseline measurements differed statistically in 
only one respect. The mean (SD) maximum 
ST depression for the control group (1:5 (0:8) 
mm) was significantly less than that for the 
exercise group (1-9 (0-9) mm). Quite large 
variations in other variables were, however, 
not statistically significant. Most notable 
among these differences was the time to 1 mm 
ST depression, which was twice as long in the 
controls as in the exercise group. The overall 
trend was for the exercise group to be less fit, 
as judged by resting and submaximal heart 
rate, and to have more severe disease, judged 
by maximum heart rate and double product, 
maximum ST depression, and double product 
ST threshold. As a result the combined varia- 
bles of performance showed a trend for poorer 
performance among the exercise group at the 
outset. These trends are most important when 
one considers tbe extent of change after train- 
ing since one might postulate that irrespective 
of training effect the extent of change might 
be proportional to severity of abnormality at 
the outset. It was important therefore to 
examine this relation. Figure 1 shows the time 
to 1 mm ST depression plotted against change 
in time to 1 mm of ST depression. For this 
and all other variables no linear relation was 
found. The end point for all patients on 
baseline exercise testing was the development 
of angina. 

Table 3 shows the effects of training and 
atenolol on the measured treadmill variables 
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Table 3 Effect of traimng and atenolol on variables of treadmill performance 





Exercise group 

Baseline Atenolal 

{mean ( SD)) (mean ( SD)) 
Resung HR 81 (12) 64 (8) 
Stage I HR 111 (19) 88 (11) 
Stage II HR 116 (19) 93 (13) 
Max HR 128 (17) 109 (12) 
Max DP 219 (55) 164 (44) 
DP ST threshold 183 (51) 143 (43) 
Max ST depression 1 9 (0 9)* I 6 (10) 
Time to 1 mm ST dep 374 (369 749 (439) 
Log time to 1 mm ST dep 2 37 (0-44) -— 
Treadmull ume (£) 741 (356) 974 (430) 
Workload (METS) 63(1 9) 7 6 (2 2) 


*DP, double product, HR, heart rate 
*p « 005 
:Non-normal data by "goodness of fit” test 


for the exercise group and the baseline and 
one year values for the control group. The 
reduction in resting and submaximal heart 
rate achieved by training was not as great as 
that achieved by f) blockade. f Blockade with 
atenolol clearly reduces resting heart rate in 
particular. This fell by. a mean of 5 beats 
during training and 17 beats during f block- 
ade. During exercise, however, the difference 
was less pronounced and the three lines were 
parallel (fig 2). Training reduced stage I and 
II heart rates by 13 beats while atenolol 
reduced them by 23 beats. Figure 3 summar- 
ises the results of those variables that reflect 
disease severity. On maximal exercise, train- 
ing produced an increase in mean (SD) 
maximum heart rate from 128 (17) beats 
per minute to 138 (21) beats per minute 
(p < 0-05), while with f blockade maximum 
heart rate was reduced to 109 (12) beats per 
munute (p < 0:001). Similarly, the maximum 
double product was increased by training 
from 219 (55) to 244 (67) (p « 0-05) and 
reduced by atenolol to 164 (44) (p « 0-001). 
The submaximal measure of disease severity, 
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Figure 1 Graph of baseline trme to 1 mm ST depression 
against interval change in time to 1 mm ST depression. 
Six pattents did not complete the study. 


Control group 
One year Baseline 
(mean ( SD)) (mean ( SD)) (mean (SD)) 

76 (10) 74 (10) 75 (9) 

98 (15) 106 (16) 102 (10) 
103 on 110 (18) 106 (10) 
138 (21) 136 (22) 134 (24) 
244 (67) 259 (74) 248 (74) 
205 (64) 7 (75) 206 (60) 

16(12) 15 (0-8)* 1:4 (0 8) 
881 (668) 719 (560) 715 (580) 
— 2 68 (0 46) — 
1272 (514) 1006 (504) 1010 (546) 
9 5 (29) 7 È (2 8) 80(31) 


the double product ST threshold, was also 
increased by training from 183 (51) to 205 (64Y 
but reduced by atenolol to 143 (43). Both 
training and atenolol reduced the maximum 
ST depression by similar amounts (1:9 (0-9) 
mm at baseline, 1:6 (1-0) mm for atenolol and 
1:6 (1-2) after training) (p « 0-05). 

The combined variables of treadmill per- 
formance shown in fig 4 showed that both 
atenolol and training produced large 
improvements in time to 1 mm ST depres- 
sion, treadmill time, and treadmill workload. 
Atenolol increased time to 1 mm ST depres- 
ston by 100°, (374 (369) v 749 (439) s) but 
training produced a 136% increase in this 
variable to 881 (668) s. Similarly, treadmill 
time was increased from 741 (356) to 974 
(430) s by atenolol (31°, increase; p < 0-001) 
but to 1272 (514) s by training (7294 increase; 
p < 0001). Treadmill workload increased 
from 6-3 (1 9) METs to 7:6 (2-2) METs with 
atenolol and to 9-5 (2-9) MET's with training. 
The improvements in these variables achieved 
by exercise training were significantly better 
than those achieved by f blockade. During fi 
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Figure 2. Graph of mean heart rate against stage of 
treadmill protocol for the exercise group at baseline after 
B blockade and after training. 
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Figure 3 Treadnull measures of disease severity: effect 
of tratning or atenolol. 


blockade all patients except one exercised to 


angina. The one exception stopped because of 
exhaustion. After training this patient and one 
other exercised to exhaustion without angina. 


: Two other patients were stopped because of 


ST depression of >3 mm after training with 
only mild chest discomfort. Both had similar 
degrees of ST depression at baseline but with 
severe anginal pain. 

All patients in the exercise group noted an 


| improvement in their symptoms within 6-8 


weeks of starting training. At one year six 
patients were symptom free during normal 
daily activities. These six and two others had 
stopped taking all antianginal agents except 
sublingual glyceryl trinitrate. No patient had 
increased drug treatment apart from the 
patient with unstable angina who was with- 
drawn from the study. Only two further 
patients in the exercise group and one control 
patient stopped smoking during the study 
period. There was a trend towards a reduction 
in weight in the exercise group over the study 
period, but this was not significant. Though 
this was not studied in detail thle impression of 
the patients was that ''fat" around the waist- 
line was replaced by “muscle”? around the 
chest. 


Discussion 
A reduction. in the chronotropic response to 
exercise is the basis for improved exercise 
tolerance in: “‘fit”’ or trained individuals. In 
patients with angina pectoris whose exercise 
tolerance is limited by myocardial ischaemia at 
a fixed heart rate this training effect can result 
in significant improvements in exercise 
capacity. In men following a short once daily 
exercise programme we found improvements 
in submaximal heart rate as great as in men 
following the more usual regimens of several 
lengthy sessions per week—heart rate in stage I 
and stage II was reduced by 13 beats per 
minute compared with a reduction of 14 beats 
per minute achieved by Nolewadjka et a/ using 
gymnasium exercise to 60-70% of maximum 
heart rate for five hour long sessions per week 
over a seven month period.’ The same degree 
of reduction was found by Ehsani et al using 
jogging and bicycle ergometry for similar 
periods each week up to 80-90% of VO, max 
over a year.” 

We also compared the response to exercise 
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with that to high dose f blockade, a treatment 
that mimics the effect of fitness on heart rate. 
We chose atenolol as one of the most commonly 
used f blockers and a dose of 100 mg as the 
generally recommended dose and one which, in 
our experience, results in a considerable reduc- 
tion in resting and submaximal heart rate. Our 
training programme produced a reduction in 
submaximal heart rate that was 57%% of that 
achieved by 100 mg of atenolol. This in itself 
would compare favourably with the more 
modest degree of fj blockade achieved by many 
alternative drug regimens. Many of these 
young patients complained of side effects on 
high dose atenolol, such as lethargy and cold 
extremities, that would have merited a dose 
reduction. On the basis of its effect on submax- 
imal heart rate alone therefore we believe that 
training is a realistic alternative to f blockade. 
While reductions in submaximal heart rate 
result in improved exercise tolerance and less 
angina it is important to look also at the effect of 
these two modes of treatment on maximal heart 
rate. f Blockade reduces the angina threshold 
indicating a deleterious effect on the balance 
between myocardial oxygen supply and 
demand.” It has been postulated that 
increased left ventricular volume increases wall 
tension and hence myocardial oxygen demand, 
causing a reduction in maximal heart rate. It 
has also been suggested that reduced contrac- 
nhty may be responsible. A previous report 
from this department? supports the alternative 
explanation of reduced distal coronary artery 
flow in the presence of f blockade. Whatever 
the mechanism, the effect is to reduce the 
improvement in exercise tolerance that would 
be expected from the reduction in submaximal 
heart rate. Our study again confirms this find- 
ing. No such effect occurs with exercise train- 
ing and most studies show either no change or a 
rise in maximal heart rate, the latter being more 
likely if training is continued for long periods. 
Our study with a training period of one year 
produced an 8% increase in maximum heart 


‘rate and an 11% increase in maximum double 


product. During the same period there were 
small reductions in these variables in the con- 
trol group. An increase in double product 
implies an increase in myocardial oxygen con- 
sumption assuming that there is no reduction 
in the wall tension or contractility variables that 
also affect myocardial oxygen consumption. 
Because endurance training causes left ven- 
tricular dilatation, however, this would tend, if 
anything, to increase wall tension. Evidence 
from other studies also suggests that contrac- 
tility on maximal exercise is likely to be 
increased or unchanged.” ?* 

One of the earliest studies to show a rise in 
maximum heart rate and triple product (heart 
rate x systolic blood pressure x ejection time) 
was reported by Redwood et al in 1972? After 
only six weeks’ training they showed a 134% 
increase in triple product. All patients in their 
study had angina and exercise training was 
carried out at an intensity sufficient to produce 
angina. Redwood suggested that the increase in 
myocardial oxygen consumption may indicate 
improved myocardial perfusion. Alternatively, 
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alterations in the haemoglobin oxygen dissocia- 
tion curve may allow a greater release of oxygen 
to the myocardium or trained individuals may 
simply have a higher pain threshold. 

With the exception of Sim and Neil in 1974’ 
most studies carried out over the next decade 
showed no improvement in maximum heart 
rate or double product.” This failure may 
have been related to the trend toward lower 
levels of exercise over this period of time. It was 
the aim of all of these studies to maintain 
exercise below the ischaemic threshold. During 
the past decade, however, several workers have 
again reported an increase in maximum heart 
rate and double product? ! ? 7? While most 
of these studies have concentrated on the 
assessment of left ventricular function or per- 
fusion, some have considered other electrocar- 
diographic criteria of disease severity. In the 
study reported here maximum ST depression 
fell from 1-9 (0 9) mm to 1-6 (1-2) mm despite 
an 11?, increase in maximum double product. 
Ehsani et al reported very similar figures in a 
small group of patients on a one year high 
intensity programme.” Such a reduction in ST 
depression makes it unlikely that decreased 
pain threshold is responsible for the improved 
maximum heart rate. Further weight is lent to 
this view by the 12-6% improvement in double 
product ST threshold in the training group 
compared with a 7:594 deterioration in the 
controls over the same period. Though neither 
result quite achieves statistical significance, an 
intergroup comparison of the interval change 
shows a significant difference between those 
who trained and those who did not (p « 0-02). 
Ehsani eta/s study also showed a 22% 
improvement in this variable. 

Raffo et al and Winter et al studied patients 
on the Canadian Airforce PBX schedule in 
Leeds.? The initial paper reported a six 
month study of 12 patients on the programme 
and 12 controls, while the. second study looked 
at longer periods of training in nine of the 
original 12, in addition to a further eight 
patients. They did not measure symptom 
limited exercise tolerance but did report 
improvements in heart rate, ST threshold, and 
double product ST threshold. Às in the study 
reported here, improvements in these variables 
were found in the training group with 
deteriorations in the controls. Like our own 
study, all of these studies used exercise of 
relatively high intensity in patients with 
ischaemic ST depression and angina pectoris. 
The conclusions of both groups are similar. 
The finding of less ST depression at the same 
or greater cardiac workload implies better 
myocardial oxygenation, either secondary to 
improved myocardial perfusion or to 
improvements in oxygen delivery systems. 
This study broadly accords with these con- 
clusions. 

The divergent effects of B blockade and 
training on maximum heart rate mean that, 
despite a lesser degree of blunting of the heart 
rate response to exercise, training does in fact 
produce a greater improvement in exercise 
tolerance and work capacity than f blockade as 
measured by combined variables. It might be 
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argued that we made an unfair comparison 
between one week's f blockade and one year's 
exercise training. There is, however, no 
evidence to suggest that long periods of f 
blockade result in further improvements in 
exercise tolerance. Indeed on theoretical 
grounds one might expect that the converse 
would occur. Autoregulation of f receptors 
might indeed reduce the effectiveness. 

We did of course compare the efficacy of 
training with trough concentrations of atenolol 
in that the exercise tests were carried out 24 
hours after the last dose. We recognise the 
attenuation. of submaximal heart rate was 
greater three hours after atenolol administra- 
tion than 24 hours after. On the negative side, 
however, there is a greater reduction in max- 
imum heart rate)! Published data on the peak 
and trough efficacy of various doses of atenolol 
showed that a dose of 100 mg resulted in a 28% 
unprovement over placebo in treadmill time 
at three hours compared with a 20% 
improvement at 24 hours! It is unlikely 
therefore that our improvement of 31% at 24 
hours with atenolol would have been suf- 
ficiently better at three hours to surpass the 
72? , improvement with exercise training. 

One weakness of this study was our failure, 
despite randomisation, to produce comparable 
groups at the outset of the study. While this is 
disappointing, the fact that our exercise group 
began with a poorer exercise tolerance than the 
controls and ended with a significantly better 
performance, highlights the effectiveness of 
this treatment. The men in the group whose 
disease was more severe were also less fit, 
suggesting that there is a link between disease 
severity and fitness—but what is cause and 
what effect is open to debate. 

The exercise programme used in this study 
was deliberately chosen for its ease of use. Our 
patients found that its brief daily format is one 
which improves compliance. It requires no 
special equipment and is safely used unsuper- 
vised at home. It resembles drug treatment 
more than conventional time consuming hosp- 
ital based programmes. We think that we have 
shown that it compares favourably with con- 
ventional drug treatment and that it merits 
serious consideration by all clinicians as an 
alternative to f/ blockade as an initial treatment 
in many patients with angina pectoris. 

Our patients bad relatively mild ischaemic 
heart disease—that 1s they were young with no 
permanent cardiac damage and could be main- 
tained off f blockade. None the less, they were 
significantly limited by angina, experiencing on 
average two episodes of painful ischaemia per 
day at baseline and with a mean treadmill 
workload capacity of only 6:5 METS. Though 
the results in more severely affected groups are 
unknown we think that the same principles 
could be applied to other patients with 
ischaemic heart disease and may allow a reduc- 
tion in antianginal treatment in all groups. 
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Ultrasound in the diagnosis of diaphragmatic 
paralysis after operation for congenital heart 


disease 


Seshadri Balaji, Pavel Kunovsky, Ian Sullivan 


Abstract 
Phrenic nerve palsy is a recognised com- 
plication of operation for congenital 
heart disease in children. The accuracy 
of ultrasound in assessing diaphragmatic 
motion was prospectively compared with 
fluoroscopy in 16 patients in whom 
phrenic nerve palsy was suspected. 
Ultrasound successfully identified the 
five patients with phrenic nerve palsy; 
there were no false positive or false 
negative diagnoses. 

Ultrasound was as effective as fluoro- 
scopy in the diagnosis of abnormalities 
of diaphragmatic motion. 


Diaphragmatic paralysis due to phrenic nerve 
injury may complicate as many as 10% of 
operations for complex congenital heart 
disease.’ Though spontaneous recovery can 
be expected in about 85% of patients, it is 
associated with considerable morbidity, 
especially in children under the age of two 
years.’ Early diagnosis and, when appropriate, 
surgical plication of the affected hemidia- 
phragm helps to reduce the time spent in 
intensive care and the duration of ventilatory 
assistance and is therefore an important part 
of the management.” 

Fluoroscopy is the standard method of 
assessing diaphragmatic motion. Fluoroscopy, 
however, has disadvantages. ‘The patient and 
staff are exposed to radiation. Also the 
patient, often still on ventilatory support, has 
to be moved to the fluoroscopy screening 
room with monitoring and infusion lines in 
place. This is potentially dangerous as well as 
being time and labour consuming. In contrast, 
ultrasound scanning with portable equipment 
can identify abnormalities of diaphragmatic 
motion at the bedside. We therefore pros- 
pectively studied patients with suspected 
diaphragmatic palsy after operation for 
congenital heart disease by both techniques to 
compare their diagnostic accuracy. 


Patients and methods 

PATIENTS 

Between 1 August and 1 December 1989, 
diaphragmatic palsy was suspected in 16 
patients, aged 1 day to 8 years (median 8 
months) from a total of 228 children who 
underwent operation for congenital heart 
disease at the Hospital for Sick Children, 
London. Indicators of possible diaphragmatic 


Table 1 Operations in children with suspected 
diaphragmatic palsy 
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Operation 


Repair of tetralogy of Fallot 
Pulmonary artery banding 
AVSD repair 

Right MBTS 

'Truncus arteriosus repair 
Fontan procedure 

PA,IVS PV, left MBTS 
DORYV repair 

RPA from aorta repair 
Resecuon of coarctation 
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AVSD, complete atrioventricular septal defect, DORV, double 
outlet nght ventricle; PA,IVS, pulmonary atresia, intact 
ventricular septum; PV, pulmonary valvotomy; RPA, right 
pulmonary artery; MBTS, modified Blalock-Taussig shunt 


palsy were failure to be weaned from assisted 


ventilation at a time considered appropriate 
for the child, a raised hemidiaphragm on the 
chest radiograph, an asymmetric breathing 
pattern, or recurrent unilateral lung collapse. 
Table 1 lists the operations performed on 
these patients. The time between operation 
and diaphragmatic screening ranged from 2 to 
24 days (mean (SD) 8 (6) days). 


METHODS 

Ultrasound assessment was performed by one 
investigator (SB) without knowledge of the 
results of fluoroscopic examination, which 
was performed by a different operator on the 
same day. An Advanced Technology Labora- 
tories (ATL) Ultramark 4 ultrasound scan- 
ning machine was used with 7:5, 5, or 3 MHz 
mechanical sector scanheads as appropriate to 
the size of the child. Subcostal views (fig 1) 
with the transducer angled superiorly and 
posteriorly from the subxiphoid region at the 
midline, parasagittal views with the trans- 
ducer at the lower costal margin in the mid- 
clavicular line, and coronal views (fig 2) with 
the transducer at the mid-axillary line were 
obtained in each case. Fluoroscopy was per- 
formed by anteroposterior screening of the 
thorax in the cardiac  catheterisation 
laboratory. 

All patients except one were on ventilatory 
assistance at the time of assessment. 'T'he ven- 
tilator was turned to the continuous positive 
airways pressure mode during the brief time 
required for each examination. The phases of 
respiration were timed by the operator placing 
a hand on the patient's chest during the 
examination. Paralysis of a hemidiaphragm 
was diagnosed if there was upward movement 
or absence of movement during inspiration 
(fig 3). 


Ultrasound in the diagnosis of diaphragmatic paralysis after operation Jor congenital heart disease 





Figure ; Subi ostal view from a pi nen 
with paralysed left hemidiaphragm. 1 
hemidiaphragm has contracted and 


side has moved upwards—ther 


away from the transduce) 


motion has been reported previously. H 
and coworkers studied 110 ad 
abdominal abnormalities and commentec 
the usefulness of ultrasound wu 
diaphragmatic motion.’ [here hi 

case reports on the use of ultr 


dren with juxtadiaphragmatic lesio1 
tration, and paralysis of the dia 
Harris and colleagues quantitativel 
the ventilatory movement of the 1 


diaphragm in 50 healthy adult nd in 
study was performed in infants. Dia 

used ultrasound in a heterogeneous gt 
children with suspected abnorm 
phragmatic motion and diagnosed | 
hemidiaphragm in eight of them. W 
and colleagues, in a large retrospe 

125 patients with paralysed hemidiap! 
reported that ultrasound was thi 





nique used to establish the diagnosis in 14 
and ultrasound combined with flu 
Figure 1 Subcostal view of the two hemidiaphragms arrowheads) in expiration (A) was used in a further 10 case: N 
and inspiration B). Note that both hemidiaphragms have moved downwards (closer t3 fluoroscopy has remained the in tic 
the transducer) and appear flatter. A, aorta. choice in the assessment of suspected d 
matic palsy in most units. 
Results Diagnosis of diaphragmati 
Ultrasound imaging from the subcostal posi- delayed by reluctance to undertake à pr 


tion (fig 1) provided satisfactory imaging of that requires a child on ventilato: 
both hemidiaphragms in all but the largest tropic support to be moved fron 
patients. Using a combination of parasagittal care unit to the fluoroscop 


and coronal (fig 2) views we were able to assess more, fluoroscopy delivers an appreciable di 
diaphragmatic motion in these patients. of radiation. In contrast, ultrasound | 


Paralvsis of the left hemidiaphragm was is available in all units that regi 
diagnosed in five patients—four after repair of cardiac surgery and it can be ca 


Figure 2 Coronal view of Se d : x 
tetralogy of Fallot and one after banding of the the patient's bedside. Ultrasound 


the right hemidiaphragm 


arrowheads). Liver 1s to pulmonary trunk. Three patients required to have any dangerous sid 
Byer t lye M plication before extubation could be achieved diagnosis of diaphragmatic pa 
at top left points towards (table 2). Two patients (aged 15 and 22 months) because in some patients early | ti 
the head were successfully weaned from assisted venti- affected hemidiaphragm 

lation despite paralysis of the left hemi- reduce morbidity 

diaphragm. Ultrasound and fluoroscopy iden- Both techniques rel 


tified normal diaphragmatic motion in all other capacity to breathe and theret 
patients. Thus there was complete concordance be applied to patients on ful 
between the two techniques for diagnosis of port. Studies of phrenic n 


diaphragmatic palsy. likely to be the only method of diagn 
group but not many peop! 
technique. Also, to be of any advantag 

Discussion studies would have to be used rout 
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Table 2 Details of patients with confirmed diaphragmatic palsy 

Patient 

No Age Diagnosis Operation Result Outcome 
l 15 months Fallot Repair L Palsy — 

2 ) years Fallot, LMBT, WS Repair L Palsy Plication 
3 8 months DS, AVSD PAB L Palsy Plication 
4 16 months Fallot Repair L Palsy Plication 
5 22 months Fallot, DA Repair L Palsy — 





L, left hemidiaphragm; LMBT, previous left modified Blalock-Taussig shunt; WS, previous 
Waterston shunt; DS, Down syndrome; AVSD, atrioventricular septal defect; PAB, pulmonary 
artery banding; DA, ductus arteriosus. 


usually suspected until there is difficulty wean- 
ing a patient off artificial ventilation. 

We found that ultrasound examination at the 
bedside was as effective as fluoroscopy in the 
diagnosis of a paralysed hemidiaphragm. Bed- 
side examination facilitates early diagnosis and 
is of particular benefit in infants, when plica- 
tion is often necessary to achieve extubation. 
There were no cases of paralysed right hemi- 
diaphragm in our group, but we would not 
expect the diagnosis to be difficult with ultra- 


sound because it is generally easier to image the 
right hemidiaphragm than the left. Bilateral 
palsy can be missed on fluoroscopic examina- 
tion unless careful attention is given to the 
phases of respiration, because the two sides 
move in concert—albeit paradoxically. ‘This 
error is less likely with ultrasound assessment 
because each hemidiaphragm is imaged inde- 
pendently. Ultrasound imaging of the left 
hemidiaphragm can be difficult in bigger chil- 
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dren and adults, but diaphragmatic palsy is 
hardly ever the cause of major respiratory 
morbidity in this group and they rarely require 
plication. 


We thank Dr Ian James, Dr Edward Sumner, and Dr Duncan 
Macrae of the Cardiac Intensive Care Unit for allowing us to 
study patients under their care. 
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Starling had already published his law of the 
heart (see page 4) before his military service 
during the first world war. Using cardiac 
catheterisation, John McMichael, Peter Shar- 
pey-Schafer, and Sheila Howarth questioned 
the general applicability of this law in studies 
started during the second world war (Lewis 
collection). 
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Acute myocardial infarction caused by 
intravenous amphetamine abuse 


G E Packe, M ] Garton, K Jennings 


Abstract 

A man aged 27 years presented with an 
acute myocardial infarction after inject- 
ing himself intravenously with 
amphetamine. Soon after admission 
ventricular fibrillation developed. This 
was successfully cardioverted. Coronary 
arteriography was normal. 


Myocardial infarction is a rarely reported 
complication of amphetamine abuse. We 
describe a patient in whom an acute myo- 
cardial infarction developed after intravenous 
injection of amphetamine. 


Case report 

A 27 year old man injected himself intraven- 
ously with two doses (total 1:5 g) of 
amphetamine at an interval of half an hour. 
An hour later he felt unwell and after four 


hours severe central chest pain developed. He - 


had previously taken amphetamine without 
symptoms and had misused other drugs such 
as heroin and cannabis. He smoked 15 cigaret- 
tes per day and drank alcohol occasionally. 
His father had a history of ischaemic heart 
disease. 

Two and a half hours after the onset of 
chest pain he was admitted to hospital. The 
electrocardiogram showed evidence of an 
anterolateral myocardial infarction (figure). 
The chest radiograph was normal. He was 
treated with intravenous eir ond 5 mg 





Figure Electrocardiogram on admission to AN 


and prochlorperazine 125 mg. Soon after- 
wards he had a cardiac arrest and the cardiac 
monitor showed ventricular fibrillation. He 
was successfully cardioverted by a single 
direct current shock of 400 J. He was sub- 
sequently given 1:5 megaunits of strepto- 
kinase. Over the ensuing 24 hours the elec- 
trocardiographic monitor showed frequent 
ventricular extrasystoles, several self-termin-_ 
ating runs of ventricular tachycardia, and 
intermittently a nodal rhythm. Thereafter he 
made an uncomplicated recovery Blood taken 
after he was resuscitated showed a rise in 
serum alanine aminotransferase reaching a 
maximum of 224 U/l the day after admission, 
and in lactate dehydrogenase reaching a 
maximum of 556 U/l two days after admis- 
sion. Gamma glutamyl transferase rose to 104 
U/l two days after admission. Antibodies to 
hepatitis B antigen and human immuno- 
deficiency virus were not detected in his 
serum. Before discharge from hospital he was 
able to complete a limited treadmill exercise 
test without symptoms developing: inverted T 
waves, which were evident on the electro- 
cardiogram before exercise, became upright 
during exercise. He was discharged after one 
week and advised to take aspirin 150 mg daily. 
He was strongly urged to avoid drug misuse in 
the future. 

After two months he was readmitted for 
additional investigations. His electrocardio- 
gram had by now reverted to normal. Fasting 
blood lipids were normal. He performed a 
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repeat exercise test using the full Bruce 
protocol and was able to accomplish 12 min- 
utes without symptoms developing; the 
electrocardiogram remained normal through- 
out the test. Coronary arteriography was nor- 
mal but the ventriculogram showed a small 
area of apical dyskinesia. 


Discussion 

Our patient sustained an acute myocardial 
infarction after intravenous injection of 
amphetamine. There have been only two 
previous reports showing a clear relation 
between amphetamine misuse and myocardial 
infarction. Carson et al described a patient 
aged 33 years in whom chest pain developed 
one hour after intravenous injection of 
amphetamine.! His electrocardiogram showed 
an  inferolateral | myocardial infarction; 
coronary arteriography was normal. In the 
patient described by Marsden and Sheldon an 
anterior myocardial infarction developed after 
he had ingested the contents of a propyl- 
hexedrine aerosol inhaler; adult respiratory 
distress syndrome also developed.” Four of six 
patients reported by Anderson and Scott 
experienced chest pain after receiving 
amphetamine.’ In one heart block also 
developed but the electrocardiographic find- 
ings in the other patients were not described. 

Myocardial infarction after amphetamine 
abuse may have been caused by coronary 
artery spasm. Amphetamine stimulates release 
of noradrenaline from sympathetic nerves; 
this has a pressor effect on the coronary 
circulation.* Alternatively, transient occlusion 
of the coronary vessels may have been caused 
by platelet thrombr catecholamines are 
known to induce platelet aggregation.’ These 
effects may have been aggravated by an 
increase in myocardial oxygen demand 
induced by catecholamines.‘ 

In addition to myocardial infarction, 
amphetamine abuse has been implicated in the 
aetiology of other cardiovascular disorders 
including acute? and chronic cardio- 
myopathy,’ cor pulmonale,’  necrotising 
vasculitis,’ and intracranial haemorrhage.” It 
has also been implicated in the pathogenesis of 
congenital heart disease.” 

There are numerous reports of death in 
individuals who have misused amphetamines. 
This was attributed to the direct effects of 
amphetamines—cardiac failure, cerebro- 
vascular haemorrhage, or hyperpyrexia—or to 
the complications of intravenous drug abuse 
such as septicaemia.'° Necropsy studies on the 
heart in patients who died suddenly after 
amphetamine misuse showed either no 
abnormality or various changes including 
myocardial congestion, arteriolar spasm,” 
rupture of myocardial fibres, and small 
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interstitial" and endocardial haemorrhages”; 
ag 


there are no reports of myocardial infarction. 
Although amphetamine abuse has the 
potential to cause myocardial infarction, it is 
likely that in many cases ventricular fibril- 
lation. supervenes before the changes of 
myocardial infarction become manifest. 

Cocaine abuse has been strongly associated 
with myocardial infarction.’ Like 
amphetamine, it enhances noradrenaline 
release and probably causes myocardial 
ischaemia by inducing coronary artery vaso- 
spasm and by increasing myocardial oxygen 
demand." Recreational use of the purer, 
free-base form of cocaine (crack) has reached 
epidemic proportions in North America and 
there are fears that use of crack could become 
widespread 1n the United Kingdom." Cocaine 
is often-diluted (cut) with other agents such as 
amphetamine before 1t is sold, so drug mis- 
users are often unaware of the exact composi- 
tion of the drugs they are taking." This raises 
the possibility that the patient we describe 
may inadvertently have taken a combination 
of amphetamine and cocaine which may have 
had an additive effect in provoking myocardial 
ischaemia. 
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Abstract 

The heart rate response of 59 patients 
aged 17-79 years implanted with seven 
different types of rate responsive 
pacemakers was evaluated during 
graded exercise treadmill testing and 
during standardised daily activities. The 
heart rate response in patients with 
pacemakers was compared with the 
chronotropic response in 20 healthy con- 
trols of similar age and sex distribution 
who performed identical protocols. All 
pacemaker types adequately simulated 
the control heart rate response during 
the graded exercise treadmill test except 
during the early stages of exercise. 
However, during everyday activities, the 
response of ventricular rate responsive 
(VVIR) pacemakers was varied. Activity 
sensing systems rapidly overresponded 
to staircase descent, to changes in walk- 
ing speed, and to suitcase lifting with 
the pacemaker arm, and these systems 
did not respond to mental stress. 
“Physiological” sensors (QT and minute 
ventilation units) responded slowly to 
rapid changes in physiological demand. 
The QT pacemaker patients did respond 
to mental stress but showed a paradox- 
ical increase in rate during the recovery 
phases of burst exercise protocols such 
as staircase ascent/descent and walking 
deceleration. Dual chamber pacemakers 
in VDD, DDD, and DDDR modes most 
closely simulated the normal chrono- 
tropic response during everyday 
activities. 

Graded exercise treadmill testing, in 
isolation, may not be the best way to 
assess or program the heart rate res- 
ponse in patients with rate adaptive 
pacemakers because changes in heart 
rate during everyday activities may 
deviate considerably from the normal 
sinus response despite satisfactory 
simulation of the normal chronotropic 
response during treadmill testing. 


Pacemaker implantation, as well as increasing 
life expectancy by preventing Adams-Stokes 
seizures and life threatening bradycardias,! 
can also improve the patient’s quality of life 
by increasing physical capability.” Rate res- 


ponsive pacing systems are now increasingly 
used to achieve this end. 

The advantages of single chamber rate res- 
ponsive pacing over VVI pacing are now well 
established.*’ Several different types of rate 
responsive pacemakers are currently available 
(both single and dual chamber) with various 
sensors including those that detect activity,® 
minute ventilation,’ QT interval,” central 
venous temperature,’ venous oxygen 
saturation," pH value,? and, more recently, 
dP/dt'* and the integral of the evoked res- 
ponse.? 

Most previous studies to assess sensor 
driven rate responsive pacemakers used tread- 
mill testing or bicycle ergometry.’* We 
compared heart rate changes in patients with 
single and dual chamber rate responsive 
pacemakers with the chronotropic response 1n 
a group of healthy controls during various 
standardised everyday activities and during 
graded exercise treadmill tests. 


Patients and methods 

PATIENTS 

Fifty nine patients aged 17—79 years (mean 
57-9, 35 (5994) men) had seven types of rate 
responsive pacemaker implanted. Ventricular 
rate responsive pacemakers (VVIR) were 
implanted in 33 patients. They were the 
activity sensing Siemens Sensolog I (10), 
minute ventilation sensing Telectronics Meta 
(8), activity sensing Medtronic Activitrax (8), 
and QT sensing Vitatron Tx II (7). None of 
these patients had the signs or symptoms of 
the pacemaker syndrome.’ 

Dual chamber rate responsive systems were 
implanted in 26 patients. Six had Medico 
Phymos VDD systems, which require a single 
lead with free floating atrial bipolar sensing 
and unipolar ventricular sensing and pacing; 
10 had DDD systems; and 10 had activity 
sensing DDDR systems. The table shows the 
indications for implantation. 

All patients were followed up at 6 weeks 
and 3 months after pacemaker implantation 
and were optimally programmed to the rate 
response mode according to the manufac- 
turers’ instructions. 

We studied heart rate responses in a group 
of 20 apparently healthy people aged 23-76 
years (mean 55:0, 12 (60%) men) during 
standardised daily activities and treadmill 
testing. 
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Patient details and indication for pacemaker implantation 





Pacemaker type Mode No No male (%)  Agerange (mean) Indication for implant 

Telectronic Meta VVIR 8 2 (25) 38—79 (63-3 PHA(2),B(2), AVII+ AVIII(4) 

Midtronic Activita VVIR 8 1(12 5) 22-77 (58 2 PHAGSAS + BQ1),SSS(2), AVI + AVITIQ2) 

Siemens Sensolog VVIR 10 8 (80) 43-73 (55 8 PHA(5,AF + B(1,8S APA AN + AVITI(2) 
Vitatron Tx IJ VVIR 7 5 (71) 52-69 (57 9) PHA(2),AF + B(2),SSS(2), AVTI+ AVITIC() 

Medico Phymos VDD 6 5 (83) 52-78 (62 1) AVII(2),,AVIII(4) 

Various DDD 10 8 (80) 22-77 (59 6) Pu SS + AVII(1),AVII(2),A VII + AVIII(6) 
Siemens Multilog (3) Pacesetter Synchrony (7) DDDR 10 6 (60) 17-68 (50 6) SSS +AVII + AVIII(S,AVII + AVIII(2) 

Total 59 35 (59) 17-79 (57 9) 

PHA, post His bundle ablanan; B, ptomatic bradycardia; AF, slow atrial fibrillation; SSS, sick sinus syndrome, AVII, 2nd degree atrioventricular block (Mobitz 


type ID); AVII, complete atrioventricular block. 


HEART RATE MONITORING 

During the study continuous six lead electro- 
cardiograms were recorded with a Siemens 
Mingolog 7 at a paper speed of 25 mm/s. The 
heart rate was calculated from the mean RR 
interval of the five consecutive beats recorded 
immediately after each stage was completed. 
Before each activity protocol the resting heart 
rate was measured after the individual had sat 
at rest for 2 minutes. 


STUDY PROTOCOLS: GRADED TREADMILL TEST 
Patients performed graded exercise treadmill 
testing according to the Chronotropic Assess- 
ment Exercise Protocol (CAEP).” All 
individuals were exercised to peak effort 
tolerance. 


POSTURE CHANGE 

The effects of changes in posture on heart rate 
were determined by measuring mean RR 
interval over five beats when the individual 
was lying, seated, and standing. Heart rate 
was measured after individuals had rested 
supine on a standard examination couch for 2 
minutes. The heart rate was measured 
immediately after the subjects sát upright and 
immediately they stood up. 


MENTAL STRESS 

The effect of mental stress on heart rate was 
determined over a 2 minute period during 
which the individual was asked to subtract 7 
from 100 serially aloud. The supervising 
clinician vigorously encouraged the subject 
throughout the study period. Heart rate was 
measured at rest before mental stress, after 60 
seconds of stress, and after 120 seconds of 
stress (that is, immediately after it stopped. 


SUITCASE LIFTING 

The subjects were asked to lift a standard 
suitcase (45 cm x 35 cm x 12cm weighing 
10 kg) with both hands from the floor on to 
the examination couch (a height of 82 cm) and 
then immediately back on to the floor. Heart 
rate was measured before and immediately 
after they lifted the suitcase. 

Subjects were then randomly assigned to 
suitcase lifting with either the right or left arm 
and instructed to raise the case from the floor 
to above hip height four times without stop- 
ping and heart rate was assessed at rest and 
after the procedure. The subject was rested 
until the basal heart rate was achieved and 
they repeated the suitcase lifts with the 
opposite arm. 


CHANGES IN WALKING SPEED 

We assessed the response of heart rate to rapid 
acceleration and deceleration and talking 
while walking. 

Subjects were rested until basal heart rate 
was attained (stage 0). They were then in- 
structed to walk with normal arm movement 
on a treadmill at 1 mph (1:6 km/h) and 0° 
gradient for 30 seconds (stage 1). They were 
then engaged in active conversation (discuss- 
ing their travel plans to and from the study 
centre) while walking normally at this tread- 
mill rate for 30 seconds (stage 2). Treadmill 
speed was gradually accelerated over the next 
30 seconds to reach 4 mph (6-4 km/h) (stage 
3). This rate was maintained for a further 30 
seconds (stage 4). The treadmill rate was then 
gradually decelerated to 1 mph (1 6 km/h) 
during the next 30 seconds (stage 5). The 
treadmill was maintained at 1 mph (1:6 km/h) 
for the final 30 seconds of the procedure 
(stage 6). Throughout, individuals were 
encouraged to walk without using the support 
bars, if possible. 


STAIRCASE ASCENT AND DESCENT 

We measured the response of heart rate to 
staircase ascent and descent from telemetered 
electrocardiographic recordings from a 
Hewlett Packard 78571B recorder. 

Subjects were asked to climb two flights of 

stairs (30 steps, each 15 cm tall, pitch 27 cm) 
as rapidly as possible and to rest in the erect 
posture at the top of the second flight. Heart 
rate was measured at rest and every 15 
seconds from the start of the ascent. 
. Once heart rate had returned to resting 
values individuals were asked to descend the 
Stairs as fast as possible and to rest at the base 
of the second flight. Heart rate during stair- 
case descent was calculated every 15 seconds 
from start of the descent. 


STATISTICAL ANALYSIS 
Heart rate and percentage change in heart rate 
were calculated for each individual at every 
stage of the protocol in the study, where 
percentage change in heart rate = observed 
heart rate — resting heart rate — resting heart 
rate x 100 

Mean heart rate and mean percentage 
change in heart rate were calculated for each 
pacemaker type and for the control population 
for every stage of each protocol. 

We used unpaired Student's £ tests to 
measure statistical differences between per- 
centage change in heart rates in the pacemaker 
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Figure 1 A comparison 70 2 
by the graded exercise enog 
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groups and the controls. A p value of «0-05 block to start at comparatively low heart rates 
was regarded as statistically significant. unless a very short ( « 100 ms) atrioventricular 
delay was programmed. This trend occurred 
in both the other dual chamber modes at 
Results high workloads but did not reach statistical 
GRADED EXERCISE TREADMILL TESTS (FIG 1) significance. 
During the first 4 minutes of exercise the 
observed increase in heart rate varied in all POSTURE CHANGE 
single chamber systems. Sensolog, Activitrax, In the controls the heart rate increased when 
and Meta significantly overresponded while they sat up from the lying position, and 
Vitatron Tx patients were significantly increased further when they stood up from the 
(p < 0-001) underresponsive compared with sitting position. The heart rate response with 
the value in the controls. dual] chamber and Sensolog pacemakers was 
During the latter stages of the exercise test similar to that of the controls. 
and the recovery phase all pacemakers closely The heart rate response to posture change in 
simulated heart rate changes in the controls. patients with Activitrax, Meta, and Vitatron 
During recovery; heart rate fell appropriately . Tx pacemakers was significantly less than that 
in all groups except for Vitatron Tx patients in the controls (p < 0-05, p < 0-001, and 
in whom high rates decayed more slowly p < 0-001 respectively). 
(p « 0-05) than in the controls. The VDD 
patients showed a significant (p < 0-01) MENTAL STRESS (FIG 2) 
underresponse after 5 minutes of exercise , The increase in heart rate seen during mental 
because the essential rate limiting program- stress was similar in patients with DDD 
ming required a pacemaker Wenckebach 2:3 pacemakers and controls. Initially the heart 
rate response in patients with VDD and 
15 » —t—- Sensolog DDDR pacemakers was significantly less than 
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Figure 2. The effect of mental stress on change in heart rate in controls and patients 
with $. 


that in the controls (p < 0:05), though at the 
end of the mental stress test the heart rate 
response was similar to that of the controls. 
The Vitatron Tx group showed a delayed heart 


‘rate response to mental stress but the mean 


percentage increase at the end of the stress 


.protocol was similar to that of the controls. 


Patients with all other pacemakers showed 


little or no response to mental stress and the 
changes in heart rate in these patients were 


significantly less than those in the controls 
(p < 0-001). 


SUITCASE LIFTING (FIG 3) 
The increase in heart rate in the controls was 


‘similar with four lifts of the right or left arm or a 


single lift with both arms. All pacemakers 
performed well except the Vitatron Tx which 
significantly underresponded (p « 0-01) to all 
forms of suitcase lifting. Patients with Sensolog 
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Figure 3. The effect of suitcase lifting on heart rate in controls and patients with 
pacemakers, Both before, before lifting with both arms; both after, after fring with both 
arms; PM before, before lifting with pacemaker arm, PM after, after lifting with 
pacemaker arm; non-PM before, before hfting with non-pacemaker arm; non-PM after, 
after lifting with non-pacemaker arm. 


pacemakers significantly overresponded to 
suitcase lifting with the pacemaker arm 
(p < 0001), and patients with Activitrax 
pacemakers showed a similar trend (p < 0-08). 


CHANGE IN WALKING SPEED (FIG 4) 
The controls showed a gradual increase in heart 
rate with a greater increase after stage 4 and a 


gradual decrease in heart rate after stage 5. 


Figure4 Effect of 
walking acceleration and 
deceleration on change tn 
heart rate. Protocol stages 
are described in text. 


Dual chamber systems closely mimicked the 
normal sinus response at all stages of this 
protocol. 

Vitatron Tx patients responded slowly to the 
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acceleration phase (stage 3) and fast walking 
(stage 4) with a paradoxical rate increase during 
the deceleration phase (stage 5) and final slow 
walking (stage 6). 

The activity sensing VVIR systems 
produced greater increases in heart rate than 
were seen in controls (p < 0-001) at all stages. 

Meta patients overresponded to the accel- 
eration, fast walking, deceleration, and final 
slow walk (stages 3—6) but the increase in heart 
rate was appropriate during slow walking and 
talking. 


STAIRCASE ASCENT (FIG 5) 

All individuals completed the ascent within 15 
seconds and therefore the remaining 60 
seconds of the protocol represents the recovery 
period. Controls showed a rapid increase in 
heart rate to a peak after 15 seconds of the 
protocol, with a plateau at 30 seconds and a 
gradual decay to resting rate by 75 seconds. 
Both Meta patients (p < 0-01) and Vitatron Tx 
patients (p < 0-001) underresponded to the 
initial effort of rapid staircase ascent. Vitatron 
Tx patients also showed a paradoxical rate 
increase up to 45 seconds after the initial 
exertion. 

During ascent and recovery, patients with 
the Activitrax, VDD, DDD, and DDDR sys- 
tems and controls had similar changes in heart 
rate. 


STAIRCASE DESCENT 
Controls showed half the change in heart rate 
seen in staircase ascent with a gradual decrease 
in heart rate from 15 seconds to resting rate 
by 60 seconds. Activity sensing pacemakers 
(Sensolog, Activitrax, and DDDR) initially 
overresponded to rapid staircase descent 
(p < 0:001, p « 0-01, and p < 0-05 respec- 
tively). Sensolog patients were slow to return to 
resting heart rate after the initial exertion. 
Vitatron Tx patients underresponded to the 
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Fuure 5 The effect of 
ascending stairs on change 
in heart rate. 


60 


Change in heart rate (%) 


initial effort phase (p « 0-001) and showed a 
paradoxical rate increase in the recovery phase. 
Patients with Meta and DDD systems showed. 


no significant difference in changes in heart. 


rate compared with the controls. 


Discussion 


pacing and fixed rate pacing”! and those 
comparing different types of rate responsive 


pacemakers!* ? used either treadmill testing or 


bicycle ergometry to assess haemodynamic 
function, oxygen consumption) and the heart 
rate response. In addition, the graded exercise 
treadmill test ıs widely used to assess the 
programming of rate responsive systems.” 


. However, burst exercise is far more common . 


in everyday out of hospital activity than 
gradually increasing or prolonged physical 
exertion. Treadmill exercise is also “synthetic” 
in that the normal movement of the upper body 


is largely inhibited by both bicycle ergometry : 
and exercise treadmill testing because patients : 


grip either cycle handlebars or treadmill sup- 
port bars. 

We compared the heart rate response of 
patients with seven different types of rate 
responsive pacemakers, both dual and single 
chamber, with the natural chronotropic res- 
ponse of the normal sinus node during various 
standardised daily activities and during a 
graded exercise treadmill test. The study was 
designed to reproduce commonly encountered 
daily activities that involve burst exercise and 
also mental stress at rest. 

In our patients the paced heart rate response 
during the graded exercise treadmill tests 
closely simulated the heart rate response in 
apparently healthy controls. This is not sur- 
prising because rate adaptive pacemakers are 
developed and evaluated by such tests. These 
findings confirm those of previous comparative 
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Sensolog 
TXII 
Activitrax 
Meta 
VDD 

DDD 
DDDR 
Control 
p<Q-05 
p<0-01 
p«0:001 


studies,'^'* and also suggest that by conven- 
tional criteria programming of the pacemakers 
under study was appropriate.” 

During the early exercise phase (up to stage 
2, or 4 minutes of exercise) the single chamber 


- units that sensed activity and minute ventila- 


tion overresponded while the QT sensing 


i pacemakers underresponded. Dual chamber 
Previous studies comparing adaptive rate 


pacemakers most closely simulated the natural 
chronotropic response. During the later 
exercise, stages, however, the single chamber 


units more accurately simulated the normal 


response. In the dual chamber systems rate 
limiting programming, which avoids a pace- 
maker mediated “endless loop” tachycardia by 
inducing Wenckebach or 2:1 block, caused 
underresponse at high metabolic demand. 
These data confirm previous studies of the 
performance of the single chamber units dur- 
ing treadmill testing.9'? 

Assessment by the treadmill test indicates 
that the pacemakers under study are adequate 
simulators of the normal chronotropic res- 
ponse. The performance of the single chamber 
units assessed by the daily activity protocols 
was, however, less satisfactory. During posture 


change, control heart rates increased more 


during the change from lying to sitting than 
from sitting to standing. This was probably 


because the height of the examination couch 
. meant that subjects required less effort to 
. *stand down"' from the seated posture than to 


rise from the supine to the seated position. The 
dual chamber systems and the activity sensing 
responded 
appropriately to this protocol. 

The activity sensing units (Sensolog and 
Activitrax) tended to rapidly overrespond to 
most of the burst exercise protocols. These 
were specifically designed to evaluate 
pacemaker response while subjects were un- 
inhibited by support bars and therefore showed 
the same movement of the upper body that 


would be encountered during everyday living. 
The almost universal overresponse suggests 
that algorithms were designed on the basis of 
response during "synthetic" exercise such as 
treadmill exercise or bicycle ergometry. When 
the patient has uninhibited physical mobility 
the manufacturers' suggestions for the settings 
of slope and threshold produce a relative 
overresponse of paced heart rate for a 
given physiological demand. There was no 
significant response to mental, resting stress as 
would be expected from the sensitivity and 
specificity of this type of sensor that is 
described as *non-physiological" by Rossi.” 
Similarly, lack of heart rate response to the 
Valsalva manoeuvre and hand grip was shown 
with activity sensors." Both Activitrax and 
Sensolog overresponded to suitcase lifting 
with the pacemaker arm, but responded 
appropriately to lifting with both arms and to 
arm lifting on the non-pacemaker side, again 
suggesting oversensitivity to movement of the 
upper torso. The piezo sensor 1s shaken more 
when the pectoral muscle on the side of the 
implant is active than when there is counter- 
balancing by symmetrical activity of the upper 
torso as when both arms are lifted or when 
lifting with the opposite arm. 

The variation in the response of the two 
types of activity sensing pacemaker, as well as 
being the result of differing programming 
recommendations by the manufacturers, may 
also be the result of different processing of the 
sensor signal. The piezo crystal, which is 
bonded to the can in the Sensolog unit, and the 
activity sensors in both DDDR units that we 
studied, respond more to pressure than vibra- 
tion because processing takes account of 
amplitude, frequency, and total variation in 
signal length. In the Activitrax pacemaker the 
sensor is also can-bonded but responds more to 
can vibration, with the piezo crystal acting 
partly as a vibration counter, and less to 
pressure over the pacemaker itself.” This may 
make the Activitrax less specific than the 
Sensolog but the programming algorithms 
seem to allow better simulation of the natural 
chronotropic response to a wider variety of 
daily activities with the Activitrax than with the 
Sensolog. 

The Meta unit, which senses minute ventila- 
tion, and Vitatron Tx, which senses the 
stimulus-QT interval, proved slow to react to 
burst exercise and tended to underrespond to 
most protocols. Similar findings were recently 
reported with these pacemakers during the 
performance of daily activities.? The Tx units 
often responded so slowly to stress—for exam- 
ple staircase ascent and descent and walking 
deceleration—that rates increased paradox- 
ically in the recovery phases. This slowness to 
respond is the result of the changes in the 
stimulus-QT interval at the start of exercise. 
Baig et al showed an acute prolongation of the 
stimulus-QT interval at the start of treadmill 
exercise before the widely accepted shortening 
after more prolonged stress.” Despite 
improvements in detection algorithms and rate 
response slopes this finding will make it dif- 
ficult for this type of sensor to respond rapidly 
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and accurately to everyday burst activity. 
Patients with Vitatron Tx units, however, 
responded best of all the VVIR systems to the 
mental stress protocol, closely simulating the 
natural chronotropic response. This confirms 
that functioning of this sensor was more 
“physiological”, with the response based on a 
probable increase in adrenergic drive during 
the protocol; this ultimately shortened the 
stumulus-QT interval giving a good simulation 
of the normal chronotropic response to resting 
stress. 

The Meta patients underresponded to men- 
tal stress and change in posture. They were 
slow to respond when they walked up a stair- 
case and remained in high rate response well 
into the recovery period, though their response 
to walking down stairs was appropriate. This 
sensor lacks specificity because an increase in 
heart rate does not always correlate with an 
increase in either respiratory rate or minute 
ventilation. Thus though there was signifi- 
cantly more response to resting stress than that 
found with the activity sensors it was signifi- 
cantly less than in the controls. The persistence 
of high heart rates during recovery phases 
paralleled the increased respiratory rate which 
decays more slowly than heart rate in controls. 

Other workers found a paradoxical change in 
pacing rate in patients implanted with Meta 
units when they performed the Valsalva man- 
oeuvre while supine.” An increase in rate with 
arm swinging was also reported with VVIR 
units sensing minute ventilation and units 
sensing respiratory rate such as the Biotec 
Biorate”; we did not find that this was an 
important effect in our studies. 

The dual chamber pacemakers all tended to 
simulate the natural chronotopic response 
during standardised daily activities. In our 
study the Medico Phymos VDD units under- 
responded to mental stress. This was because 
in two patients heart rate increased sufficiently 
to activate the rate limiting function that was 
programmed to avoid pacemaker mediated 
tachycardia by inducing a 2:3 heart block at 
rates over 150 beats per minute. T'his may have 
biased the group result and it 1s therefore 
difficult to draw firm conclusions from these 
data. 

Most patients implanted with DDDR 
pacemakers in this study had both sinus node 
dysfunction and high grade atrioventricular 
block. This system, therefore, is the only one 
we have assessed where a “combination” sen- 
sor 1s operating by tracking the sinus response 
and using an activity sensor to augment the rate 
response and thus “support” the sinus node 
when its response is inadequate. During mental 
stress when the activity sensor is not contribut- 
ing to the rate adaptation, the tracking response 
increases heart rate although significantly less 
than in controls. The activity sensor, however, 
seems to predominate during the staircase 
descent protocol, causing an initial over- 
response to this stress. Overall, however, these 
units performed better than any of the single 
sensor, single chamber rate adaptive pace- 
makers we studied. 

In all but one patient with a DDD pacemaker 
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in our study group, the response of the sinus 
node to exercise was normal. Overall simula- 
tion of the normal chronotropic response dur- 
ing the everyday activity protocols was best in 
patients with DDD pacemakers. 


CONCLUSION 

All the pacemakers under i ‘avesiuation showed ` 
appropriate heart rate response to exercise 
treadmill testing when compared with healthy 
controls. Our data show that the simulation of 
natural chronotropic response during daily 
activities is generally poor in patients implan- 
ted with VVIR pacemakers. The advantages 


and disadvantages of different sensors depend : 


on their specificity and sensitivity to increased 
physiological demand. 

A combination sensor may improve the rate 
adaptation of single chamber rate responsive 
pacemakers during everyday activity. Early 
rate adaptation to physical stress by sensors 


that rapidly respond to activity followed by . 


later input by “physiological”? sensors (that is 


those that respond to minute ventilation, : 


stimulus to QT interval, pH, temperature, or 
oxygen saturation) would improve pacemaker 
sensitivity and specificity to a wide variety of 


stresses and facilitate better simulation of the ` 
normal sinus node response to everyday 


activities and circadian variations in heart 
rate." Recent work with multiple sensors seems 
promising.” 

At present, dual chamber pacemakers still 
give the best form of rate responsive pacing in 
terms of heart rate changes during everyday 
activities. 
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In the April issue of the British. Heart Journal 
de Feyter et al from the Thoraxcenter des- 
cribed their angioplasty experience with the 
monorail technique in 1000 patients.’ The 
results were excellent with success in 929, of 
cases and major complications in only 3-39,. 
They concluded that the monorail technique 
is safe and effective but, in the absence of a 
randomised trial, were careful to avoid firm 
statements about how it compares with other 
techniques. A randomised trial would be a 
formidable and perhaps impossible under- 
taking for the reasons discussed in de Feyter 
et al’s paper. Without this information to 
guide the selection of angioplasty equipment, 
most operators pragmatically use a limited 
selection of familiar catheters, experimenting 
with something new only if it seems to offer 
special advantages. 

New technology should be judged by its 
ability to improve the results of angioplasty by 
solving specific procedural problems. Early 
reports identified inability to cross the coro- 
nary stenosis as the commonest cause of failed 
angioplasty and this prompted the intro- 
duction of the steerable guide wire, which 
substantially improved matters by increasing 
rates of passage from 78 to 929, in the 
National Heart, Lung, and Blood Institute 
Registry report.? There remained, however, a 
considerable number of cases in which, 
though the stenosis was crossed with the 
guide wire, it proved impossible to pass the 
stenosis with the tip of the balloon catheter 
either because the stenosis was too tight or 
because it was located distally in the coronary 
vessel. Manufacturers responded by develop- 
ing guide wires and catheters with ever more 
favourable mechanical characteristics? so that 
this too has become an unusual cause of 
failure. Attention is now being directed 
towards treatment of the chronically occluded 
vessel and success rates are already improving 
though there is less optimism about finding 
purely technological solutions to the problems 
of coronary reocclusion and restenosis— 
developments in pharmacology are expected 
to be as important as technology. 

This article summarises currently available 
angioplasty technology and attempts to 
provide guidelines for selection of catheters 
and guide wires. 


Angioplasty technology 
GUIDING CATHETER 
Guiding catheters have an outer polyurethane 


(or polyethylene) layer providing stiffness and 


.memory, an underlying wire matrix for trans- 


mission of torque, and a luminal lining of 
Teflon. They are larger than conventional 
diagnostic catheters with a relatively short 
non-tapered tip to accommodate the dilatation 
system; they are also stiffer to provide back up 
and support. These features all increase the 
risk of damage to the intima at the coronary 
ostium, particularly during deep superselect- 
ive engagement. The risk is only partially 
offset by provision of a soft catheter tip, and 
considerable care is necessary if these cath- 
eters are to be used safely. 

The catheter is required to provide a stable 
platform for the advancement of the dilatation 
balloon. T'he lumen must be large enough not 
only to accommodate the dilatation system 
but also to deliver contrast and for pressure 
monitoring. 9F catheters may be required for 
complex angioplasty with simultaneous 
introduction of twin dilatation catheters but 
for most cases large lumen (up to 0-079 inch) 
8F catheters are preferred because they 
engage more comfortably with less risk of 
intimal damage or complications at the arterial 
puncture site. Side hole catheters are available 
to preserve perfusion pressure in the event of 
coronary wedging, but because they allow 
contrast spillage into the coronary sinuses 
visualisation is less satisfactory. 


DILATATION CATHETER 

Essential components of the dilatation cath- 
eter are the shaft with at least one central 
lumen for inflation of the distally located 
balloon. The guide wire may be fixed at the 
tip of the catheter ("fixed wire" system) but 
more commonly “over the wire" systems are 
used, requiring a second lumen for the guide 
wire running the length of the catheter. In the 
monorail catheter, however, the second lumen 
is confined to a short (17-25 cm) track at the 
distal end and the guide wire provides a “‘slid- 
ing rail" along which the catheter can be 
passed. 


Balloon technology 

Various balloon polymers are used including 
polyvinyl chloride (USCI), polyethylene 
(ACS, Medtronic), polyolefin copolymer 
(SciMed), and polyethylene terephthalate 
(USCI). The distensibility, pressure 
capability, profile, and friction characteristics 
of these materials are different. Distensibility 
depends on the compliance (pressure/volume 
relation) of the polymer, and polyethylene 
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terephthalate (unlike the other commonly 
used balloon materials) is non-compliant, 
maintaining a relatively constant balloon size 
over a range of inflation pressures. The 
greater compliance of the other balloons 
causes them to enlarge beyond their nominal 
size as inflation pressure rises. This has the 
advantage of allowing a slightly undersized 
balloon to be used to reduce the risk of dissec- 
tion, while leaving scope for an increase in 
balloon size by high pressure inflations later 
in the procedure to reduce residual stenosis 
without having to exchange the dilatation 
catheter. 

The pressure capability of the balloon 
depends upon its inherent strength and thick- 
ness. Polyethylene terephthalate is the stron- 
gest balloon polymer, permitting a balloon 
wall thickness of only 0-0002 inch compared 
with the 0-002—0:003 inch required for other 
materials. Thus polyethylene terephthalate 
balloons are low profile but have the dis- 
advantage of increased fragility making them 
susceptible to damage during handling. 
Polyolefin copolymer is second to polyethyl- 
ene terephthalate in terms of polymer strength 
but because balloons made of this material 
have thicker walls they are able to sustain 
higher inflation pressures, approaching 12 
atmospheres for the SciMed ‘“‘Strong”’ cath- 
eter. This is useful for adjusting the balloon 
diameter for sizing purposes (see above) and 
also makes the polymer suitable for unyielding 
calcified stenoses when high pressure in- 
flations may be necessary. The low burst 
strength of polyvinyl chloride and polyethy- 
lene balloons makes them less appropriate for 
lesions of this type. 

The transverse diameter of the deflated 
balloon is an important determinant of 
whether a tight stenosis can be crossed, and 
manufacturers place great emphasis on it, 
advertising the lowest possible value often 
without any indication of how it was derived. 
As previously stated, polyethylene tereph- 
thalate balloons have potentially favourable 
profile characteristics (0-031 inch transverse 
diameter for the USCI Mini-Profile 2:0 mm 
balloon) although the balloon attachments 
may add 0-003 inch to the stated profile. 
These balloons, however, have no “memory” 
and may bunch while crossing tight stenoses. 
Polyvinyl chloride balloons have a different 
problem, tending to “‘wing” after an initial 
inflation and completely altering their profile 
characteristics. Balloons made of polyethylene 
and polyolefin copolymer have a better intrin- 
sic memory and they retain their low profile 
wrap with repeated inflations. These poly- 
mers also have a lower coefficient of friction 
than polyvinyl chloride, and the Microglide 
coating now applied to the ACS polyethylene 
balloons has reduced friction still further, 
easing their passage through tortuous vessels 
and tight stenoses. Other manufacturers are 
applying similar lubricants to their balloon 
catheters. 


Catheter technology 
Over-the-wire systems are the most widely 
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used with either eccentric or concentric 
lumens. The eccentric design provides a larger 
channel for the guide wire, facilitating distal 
injection of contrast and measurement of the 
transstenotic pressure gradient. Neither of 
these facilities 1s essential, however, and the 
more compact concentric design sacrifices both 
for a lower shaft profile and faster balloon 
inflation and deflation. The lower the shaft 
profile the better the visualisation provided by 
proximal injection of contrast through the 
guiding catheter (a feature of special impor- 
tance in the current era of complex multivessel 
angioplasty). Over-the-wire dilatation cath- 
eters are now available with shaft diameters as 
small as 3 5 F (SciMed Skinny, USCI Mini- 
profile, Medtronic Thruflex) tapering to 30 F 
distally (SciMed Skinny). Catheter shafts are 
made of polyethylene in most cases, a flexible 
compound that provides maximum ‘“track- 
ability" for reaching stenoses throughout the 
coronary tree. Polyvinylchloride is also used 
(USCI, except Simplus and Mini-Profile). 
This 15 stiffer and provides more “‘pushability”’ 
for advancing the catheter across tight stenoses. 
Generall speaking, however, pushability is 
bought at the expense of trackability and cath- 
eters (for example Profile Plus, Trac Plus) are 
now available with a polyvinylchloride shaft 
and a flexible neck behind the balloon, which to 
some extent combine both features. Recently 
available is the low profile Medtronic Thruflex 
catheter which has a novel spring-coil, 
polyethylene coated, shaft with an extra flexi- 
ble distal segment combining pushability and 
trackability. 

The Schneider monorail catheter has a 
polyvinylchloride shaft and comes with both 
polyethylene terephthalate and polyvinyl- 
chloride balloons. The guide wire lumen is 
restricted to the distal 17 cm where the shaft 
diameter is 3 6 F. The remainder of the shaft 
has a single inflation-deflation lumen and, 
consequently, a very low profile (3-0 F). The 
ACS RX catheter has a similar design with a 
slightly longer guide wire lumen (25 cm). 
Probably the major advantage of the monorail 
system is that it allows for the guide wire to be 
directed into the coronary artery before the 
catheter is introduced. This facilitates guide 
wire control during this critical stage of the 
procedure and ensures excellent visualisation 
from proximal injections of contrast. Once the 
guide wire is in place, the catheter can be run 
along it and positioned across the stenosis. So 
long as the guide wire is in position, access to 
the coronary artery is preserved and multiple 
catheter exchanges can be performed as neces- 
sary. Disadvantages of the monorail catheter 
include some loss of axial support which 
reduces pushability, though this problem has 
been partially resolved by lengthening the 
guide wire lumen from 9 cm to 17-25 cm. 

Fixed guide wire catheters have a single 
inflation-deflation lumen with a very low shaft 
profile. The most widely used has been the 
USCI Probe which has a Teflon coated 1 7 F 
steel shaft with a polyethylene neck and a 
polyethylene terephthalate balloon (transverse 
diameter of deflated balloon only 0-20 inch for a 


2 0 mm balloon). The distal wire tip is 0-014- 
0-016 inch in diameter and either 1 or 2 cm 
long. The profile characteristics of the Probe 
and other fixed wire systems (for example 
SciMed ACE) ensure excellent visualisation 
and often enable high grade distal stenoses to 
be crossed. Moreover, these catheters can be 
used alongside conventional over-the-wire sys- 
tems within the same 9 F giant lumen guiding 
catheter and are ideal for complex procedures 
requiring simultaneous dilatations of branch 
stenoses (“kissing balloon" technique; see 
below). The absence of a removable guide wire 
has important disadvantages, however; if a 
larger balloon size is required the catheter 
cannot be exchanged as safely as an over-the- 
wire or monorail catheter, torque transmission 
is poor (which makes steering difficult), and it 
may be impossible to advance the balloon 
across the stenosis if the tip of the wire jams in 
the distal vessel wall. 


GUIDE WIRE 

Guide wires for percutaneous transluminal 
coronary angioplasty range in diameter from 
0-010 to 0-018 inch and are usually Teflon 
coated to reduce friction within the catheter 
and coronary artery. ACS wires also come 
coated with Microglide to improve friction 
characteristics further. Full body wires in 
which the core extends to the tip have greatest 
torque control (steerability), are easy to shape, 
and provide maximal axial support, which is 
particularly useful for crossing totally occluded 
vessels. However, because these wires are stiff 
and liable to damage the intima, floppy guide 
wires in which the core stops 2-3 cm short of 
the tip are preferred for most cases. The 0-014 
inch floppy wires from ACS and USCI are the 
most widely used and if properly shaped can be 
guided across stenoses throughout the coro- 
nary tree. 

It is now generally accepted practice in 
percutaneous transluminal coronary angio- 
plasty that guide wire access for catheter 
exchange should be continuously available 
until the procedure 1s safely completed. In the 
past this demanded removal of the standard 
guide wire and substitution of a 300 cm 
exchange guide wire for each catheter 
exchange. The procedure was cumbersome but 
now is rarely necessary with the introduction of 
extendable guide wires 1n which the extension 
is attached to the standard guide either by a 
screwing (USCI) or docking (ACS) mechan- 
ism. Use of the monorail technique, of course, 
avoids the problem altogether because the 
standard guide wire is used as a sliding rail for 
catheter exchange. 

A more recent development in guide wire 
technology has been the SciMed dilating guide 
wire (DGW) with a 1-5 mm balloon and a3 cm 
flexible tip that will pass through the lumen of 
the Trac or Trac Plus dilatation catheters. This 
allows predilatation of tight stenoses before the 
balloon catheter is advanced to complete the 
procedure. Though this technique is 
theoretically attractive, experience is limited 
and its value remains to be established. 


Timms 


Procedural guidelines 

In planning an angioplasty procedure, the 
Operator must select the guiding catheter, 
dilatation catheter, and guide wire most 
appropriate to the case in hand. The choice will 
be influenced largely by personal experience, 
and a limited range of familiar equipment will 
be satisfactory for most procedures. 

The guiding catheter is critical to the success 
of the procedure and if it is not firmly seated in 
the coronary ostium and directed along the axis 
of the diseased artery the chances of traversing 
a tight stenosis or occlusion are considerably 
reduced. Most operators prefer the femoral 
approach with conventional Judkins catheters, 
particularly for procedures in the left anterior 
descending and right coronary arteries; an 
Amplatz catheter often provides better direc- 
tion and support for circumflex lesions. Never- 
theless, for shepherd’s crook right coronary 
arteries or other anatomical variants alternative 
guide catheters may be necessary and in such 
cases the brachial approach is sometimes bet- 
ter. Side hole catheters are rarely necessary for 
angioplasty of the left coronary artery but many 
operators use them routinely for the right 
coronary artery where there is greater risk of 
catheter wedging and interrupting coronary 
perfusion. The guiding catheter is usually 
required to provide “‘passive”’ back up support 
and is positioned in the coronary ostium by 
conventional diagnostic techniques. In more 
difficult procedures, however, “‘active’’ back- 
up support may be required, with deep, often 
superselective, engagement being used to 
provide axial stability. This demands con- 
siderable care and should only be attempted if 
the proximal coronary artery is free of disease 
and large enough to accept the guiding cath- 
eter. Guiding catheters designed for active 
placement are now available (Medtronic SL 
series) with a long (9 cm) flexible distal seg- 
ment suitable for deep engagement. 

For single vessel angioplasty of a proximal 
stenosis equally good results can be expected 
from an over-the-wire or monorail system with 
a floppy guide wire. Because the monorail 
technique gives better guide wire control and 
visualisation some operators prefer to use it for 
distally located tight stenoses, though fixed 
wire low profile catheters are also effective.?? If 
the stenosis lies close to an important side 
branch, this should first be protected by inser- 
tion of a guide wire (to provide access in the 
event of occlusion) before proceeding to angio- 
plasty of the main vessel.’ If the stenosis affects 
the branch vessel, many operators insert a low 
profile fixed wire dilatation catheter across it 
and a second dilatation catheter in the main 
vessel, inflating both balloons simultaneously 
(the “kissing balloon” technique).?? Specially 
designed angled balloons are also available for 
stenoses at branch locations; experience with 
their use is limited.!? ! 

Choice of balloon size 1s important. !? ? Many 
operators intentionally *'oversize" the balloon 
to achieve a widely patent vessel. This may 
increase the risk of dissection and it is more 
prudent to match the balloon size to the vessel, 
and perhaps to use a distensible (non-poly- 
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ethylene terephthalate) balloon which leaves 
the option for hyperinflating the balloon 
towards the end of the procedure if adequate 
dilatation has not been achieved. There is no 
evidence that the duration of individual infla- 
tions influences the final result though the 
cumulative inflation time may be a more 
important variable.'* !° 

Multivessel angioplasty is associated with a 
somewhat greater risk’® and ıt is usually the 
policy in our hospital to stage the procedure, 
dilating the most critical stenosis first and, if 
successful, proceeding to the other lesions 
during a later procedure. When more than one 
stenosis is dilated during a single procedure, 
guide wire access to each stenosis should if 
possible be retained until the procedure is 
complete. 

In complete coronary occlusion the results of 
angioplasty are less satisfactory, with success 
rates of between 50 and 55%.'’"" There is 
evidence that the outcome is better in recently 
occluded vessels and in vessels with well 
preserved collateral flow beyond the 
occlusion. At the London Chest Hospital a 
stiff guide wire (ACS 0-014 inch Hi-Torque 
intermediate) and a low profile, low friction 
catheter (ACS SULP with a 20mm 
Microglide-coated balloon) are preferred. 
Maximum support for the guide wire is essen- 
tial and this is usually achieved by active 
engagement of the guiding catheter while the 
dilatation catheter is advanced down the coro- 
nary artery to the occlusion. Alternative tech- 
niques are also receiving attention. The USCI 
0-038 inch floppy tipped hollow guide wire and 
the Schneider 0 021 inch floppy tipped Mag- 
num guide wire (with a 1 mm terminal olive) 
are support devices for a conventional guide 
wire and dilatation catheter respectively; both 
have been recommended for angioplasty of 
occluded vessels.” The Medtronic Omniflex 
catheter has also been recommended for this 
purpose.? This is a low profile, spring-coil, 
polyethylene coated catheter with a 2-9 F shaft 
and a 0-034 inch transverse deflated diameter 
for a 2:0 mm balloon. A novel feature of the 
catheter 1s the “fixed wire" tip that can be 
rotated and flexed by a simple control system at 
the proximal end. The combination of push- 
ability and tip control presumably accounts for 
its value in opening up occluded coronary 
arteries. Acute coronary occlusion complicat- 
ing angioplasty is a medical emergency for 
which patients may need other interventions as 
preludes to bypass surgery. An autoperfusion 
catheter can be inserted over a guide wire 
placed across the occlusion.” Multiple perfora- 
tions along the distal portion of the catheter 
allow blood to flow into the holes proximal to 
the occlusion and out through the holes distal 
to it. This protects against ischaemic damage in 
the same way that injections of arterial blood 
through the central lumen of a conventional 
balloon catheter have been shown to do.? 
However, the autoperfusion catheter depends 
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upon an adequate head of arterial pressure to 
function effectively and this 1s not always 
available when the catheter 1s needed. 


I thank Carol Walker, clinical nurse manager of the catheterisa- 
tion laboratory at the London Chest Hospital, for help in the 
preparauon of this paper 
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The British Cardiovascular Intervention 
Society asked the cardiac units in the United 
Kingdom that performed adult and paediatric 
interventional procedures for information on 
the procedures that had been performed be- 
tween 1 January and 31 December 1988. 
Information for adult procedures was ob- 
tained from 44 cardiac units, 18 of which 
supplied incomplete data. Information on 
paediatric procedures was provided by 11 
units; there was no information from two 
units. Some units included their private 
patents with their National Health Service 


figures. 


Percutaneous transluminal coronary 
angioplasty 

Information on percutaneous transluminal 
coronary angioplasty was obtained from 
44 cardiac units, including three private 
hospitals. 


TOTAL NUMBER OF PROCEDURES 

All units supplied this information and the 
final figure was 5047 (equivalent to 89 per 
million) for the United Kingdom. Edgar 
Sowton also derived a figure of 5750 for the 
numbers of percutaneous transluminal coron- 
ary angioplasties in the United Kingdom for 
1988 (personal communication). His figures 
included all cases in the record books kept by 
the nurses of the catheter rooms in the cardiac 
units. This number may be an overestimate 
because they may include percutaneous 
transluminal coronary angioplasties that were 


Table 1 Percutaneous translurmnal coronary 
angioplasty United Kingdom 1988 (number of cases per 
annum m 44 cardiac umts) 


Cases Units 
Q- 50 10 
51-100 11 
101-150 10 
151—200 8 
201-251 l 
251-300 4 


Table2 Percutaneous transluminal coronary 
angioplasty 1988 


Variable Data from Mean (%) (range) 
Cardiac units 44 
Total 5047 
Mortality 4817 077 (0-48) 
Emergency coronary artery 

bypass grafting 4721 271 (0-6) 
Myocardial infarcnon 3346 236 (0-5) 
Success 4074 866 (56-93) 





not performed after control angiography. 
Some peripheral vessel angioplasties may have 
been included as coronary angioplasties. The 
figure from the British Cardiovascular 
Intervention Society may be an underestimate 
because the experience of medical staff in 
recording details for audit varies. Also it was 
difficult to obtain information on procedures 
performed in private hospitals 


PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY: WORKLOAD OF THE CARDIAC 
UNITS 

Table 1 shows the number of cases per annum 
per unit. Only 29% of the units were per- 
forming 2150 percutaneous transluminal 
coronary angioplasties in 1988. 


OVERALL RESULTS OF PERCUTANEOUS 
TRANSLUMINAL CORONARY ANGIOPLASTY 

Table 2 shows the overall results of percuta- 
neous transluminal coronary angioplasty. The 
figure in the left hand column refers to the 
total number of procedures for which infor- 
mation was available. For example, out of 
5047 percutaneous transluminal coronary 
angioplasty procedures, information on mor- 
tality was available on 4817 (95%). Mortality 
in these 4817 patients was 0-77% with figures 
for units ranging from 0% to 4-895. Death 
and myocardial infarction refer to these com- 
plications occurring at or after percutaneous 
transluminal coronary angioplasty, during the 
hospital admission for the percutaneous 
transluminal coronary angioplasty, with or 
without emergency coronary artery bypass 
grafting. For this survey we defined success at 
percutaneous transluminal coronary angio- 
plasty as the immediate angiographic result 
assessed visually where the stenosis was 
reduced to <50% of the lumen of the 
adjacent artery. This success was achieved 
without complication during the admission— 
that is, death, myocardial infarction, or 
emergency coronary artery bypass grafting. 
Unfortunately, information on myocardial 
infarction and the success of the procedure 
was less often available from the centres. 
Despite the reduced information, the survey 
does provide an overall view of the results and 
complications in patients who underwent per- 
cutaneous transiuminal coronary angioplasty 
in the United Kingdom during 1988. 


SINGLE VESSEL PERCUTANEOUS TRANSLUMINAL 
CORONARY ANGIOPLASTY (TABLE 3) 
The mortality for the procedure was low, 
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Table3 Percutaneous transluminal coronary angioplasty in the United Kingdom in 


1988: single vessel dilatation 





Data from % Range (95) 

Total* 3666 
Cases of single vessel dilatation out of total percutaneous 

transluminal coronary angioplestes - 83 63-100 
Mortality 2655 037 0-19 
Emergency coronary artery bypass grafting 2560 2:3 0-7 
Myocardial infarction 2155 24 0-5 1 
Success 2691 87 75-100 





*There were more than 3666 cases of single vessel disease but separate information was available 


only on these 


037°, for 2655 patients. The immediate 
success rate was 87 7: " 
MULTIVESSEL PERCUTANEOUS TRANSLUMINAL’ 
CORONARY ANGIOPLASTY (TABLE 4) 
Information was available on 506 ` cases. The 
mortality and emergency coronary artery by- 
pass graft rates were higher than for, single 
vessel dilatation. "The results:.reflect the ' 
increased risks for patients with: more ad- . 
vanced coronary artery disease who were 
undergoing a more complicated procedure 
than single vessel Sistanon: ` : 


Balloon: dilatation of aka in adults. 
(table 5) 

Many. units performed bali: inüiibens: of 
balloon dilatations of the aortic valve. Balloon 
dilatation of the mitral valve was. virtually 


confined to two units, which performed 47 out 


of.the 60 procedures. Complications.refer to 


significant local or general complications. ' 
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Table 6 | Paediatric interventional procedures in the 
Umted Kingdom in 1988 
Death Complication 
Cardiac units 11 
Pulmonary valve 
dilatation 141 1 i 
Aortic valve 
dilatation 56 4* (71°) 4 
Coarctaton of aorta 47 0 1 
Closure of ductus 
arteriosus ^ 32 0 0 
Miscellaneous 61 0 0 


* All neonates 


Table 7: Percutaneous transluminal coronary 
angioplasty in 1988 





Country No/mullion population 
Australia 256 
Belgium 390 
France 202 
West Germany 233 
United Kingdom 89* 
. United States 1000 





*Figure from the British Cardiovascular Intervention Society. 
Other figures from Intervention Limited, 1 Redman Court, 
Bell Street, Princes Risborough, Buckinghamshire 


Funding for percutaneous transluminal 
coronary angioplasty/interventional 
procedures 


_Units were asked to give details on how these 
_. procedures were funded. Very wide variation 


in funding was recorded. Twelve units had a 


-separate budget, and 15 did not have a 


separate budget and the procedures were paid 


, for out of the funds for cardiac catheterisation 


-or the x ray department. No information on 


Paediatric interventional procedures 
(table 6) 7 ~ i 
No information was available frorn two units. 
Balloon dilatation: ‘of the pulmonary \ valve was 
thé ` commonest procedure and it was as- 


- 


` sociated with a low mortality. 


Table 4 Bus transluminal coronary 
toplasty in the lass i in 1988: multrvessel 
dilatation . 








l Data from ,. % (range) 

Cardiac units 24 
Total number of cases* 506 
Average number per unit 21 
Mortality (506) 16 (0-57). 
Emergency coronary artery p 

bypass grafting (506) 4 7: (0-16) 
Myocardial infarcnon (506) 3 0- (0-13) 
Success (all vessels dilated) (401) , 81 (47-100) 





*There were more than 506 cases of multivessel dilatadion but. 
information was available only on these. 


Table 5 Balloon dilatation of valves i in adults i in the 
. United Kingdom in 1988 l 








Cardiac units 24 
Pulmonary valve 32. <0 0 
Aortic valve 136 6 (4 4%) 4 
Mitral valve 60 2 (9:394 0 
Miscellaneous 
Coarctabon of aora 7 0 0 
Closure of ductiis 
arteriosus “l 0 0 





funding was available from 17 units. Of the 


‘units with a budget some had a reasonable 
 allocation—for example £105000 for 129 


procedures. Others had a quite inadequate 


budget—£50 000 for 262 procedures. 


Number of operators for percutaneous 
transluminal coronary angioplasty 
Most units had two or more operators but the 


"number of operators was not related to the 


number’ of procedures performed or the 
population area served. 


‘Comments on the 1988 survey of 


procedures 

This survey was the first attempt to audit the 
experience in the United Kingdom of per- 
cutaneous transluminal coronary angioplasty 
and other cardiac interventional procedures. 
It is hoped to improve the completeness of the 
survey in future years. The survey was made 
to assess the numbers and safety of the pro- 
cedures. Percutaneous transluminal coronary 
angioplasty in 1988 in the United Kingdom 
was performed at relatively low risk—0-77% 
overall mortality and 0-37% mortality for 
single vessel disease. The number of percu- 


‘taneous transluminal coronary angioplasties 


per million population in the United 
Kingdom in 1988 was well below the rates 


„elsewhere in Europe and in the United States 
(table 7). 
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Robert (Bobby) Macfie Marquis was born 
in Liverpool and died on 10 August 1989 at 
the age of 72. Before entering medicine he 
trained in marine insurance acquiring habits 
of fiscal probity and prescience which later 
proved invaluable to many medical bodies 
who sought his advice. After graduating MB 
ChB in 1943 his first appointment was as 
house surgeon to Sir James Learmonth and 
his second as house physician to A Rae 
Gilchrist—an appointment that was to prove a 
formative influence on his professional career 
and which was the beginning of an association 
with Gilchrist that lasted for more than 45 
years. He had an outstanding war career as a 


medical officer in the Parachute Regiment of 


the Airborne Division. He was dropped into 
Normandy on D Day minus one and lay 
buried in a ditch overnight with opposing 
armies passing close by. Thereafter he contin- 
ued across Europe and was frequently 
engaged in heavy fighting. Not far from the 
Baltic coast he was with one of the first parties 
of British troops to meet one prong of the 
Russian army advancing along the same route 
from the East. After his return from the war 
he was awarded the Kirk-Duncan Fellowship 


of the Royal College of Physicians of 
Edinburgh in 1948. His studies at this time on 
"blue babies" formed the basis for his future 
career as a physician and cardiologist with a 
particular interest in congenital heart disease. 
He became MRCP Edinburgh in 1949 and 
FRCP Edinburgh in 1956. He was appointed 
assistant. physician to the staff of the Roval 
Infirmary of Edinburgh in 1955 and from 
1964 to 1978 was chief of the department of 
cardiology at the Royal Infirmary, Edinburgh. 

Throughout his professional career he was 
deeply conscious of the debt he owed to 
earlier teachers and saw his responsibilities in 
a chain of developments stretching back via 
his mentor, Gilchrist, to Gibson and Meakins 
at the beginning of this century. George 
Alexander Gibson was an international 
authority on heart disease and was early to 
recognise the need to extend the investigative 
approach beyond the MacKenzie polygraph, 
which had been developed and used in general 
practice long before it became commercially 
available in 1906. Gibson’s initiative was res- 
ponsible for opening the first clinical medicine 
research laboratory in the Roval Infirmary, 
Edinburgh —with funds which he claimed to 
have been left for this purpose by an anony- 
mous donor. Early work from the new 
laboratory included Ritchie’s description of 
atrial flutter and his report of the action of the 
vagus in the human heart and the absence of 
certain murmurs in mitral valve disease. In 
1919 Jonathan Meakins, a Canadian graduate 
who trained in cardiology with Thomas Lewis 
in London and in respiratory function with 
Holding in Oxford, was appointed to the first 
chair of therapeutics in Edinburgh. He proved 
an inspired teacher with energy and original 
ideas and introduced biochemical analysis and 
respiratory function testing to the Royal 
Infirmary. In 1924 Gilchrist became house 
physician to Meakins and his early work on 
oxygen therapy, paroxysmal ventricular 
tachycardia, digitalis dosage, complete heart 
block, and further experimental work in atrial 
hbrillation all followed from the stimulus 
provided by Meakins. Meakins returned to 
Canada to take the chair of medicine at 
McGill University in 1924 but had passed on 
the excitement and inquiry to his eager 
students and not least he had won the lasting 
loyalty and admiration of his house physician, 
Gilchrist. 

Like Meakins, Gilchrist was a tall imposing 
man with unbounded enthusiasm for every 
facet of medicine. He was fascinated by the 
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developing science of electrocardiography and 
recognised the importance of separate clinics 


for children with heart disease and for preg-. 


nant women. He became a founder member of 
the Cardiac Club. During this early period of 
Gilchrist’s career the clinical medicine 
laboratories established and developed by 
Gibson and Meakins proved. their worth. 
John McMichael returned from Aberdeen to 


Edinburgh as a lecturer in physiology in 1934. 


and in 1936 was awarded a research fellowship 
to work in the clinical medicine laboratory 
and given honorary status as assistant 
physician in Professor Ritchie’s wards, giving 
him access to cardiac patients. In correspon- 
dence years later he recalls “happy -days of 


effort and freedom to do my own thing" and- 


“the clinical lab and its denizens as a fascinat- 


ing and distinguished coterie”. He’ followed : 


Sir Francis Fraser (another Edinburgh 
graduate) to the Hammersmith Hospital when 
he became his assistant physician at the begin- 
ning of 1939 and was soon to extend his 
studies of cardiac function by cardiac 
catheterisation with Sharpey-Schafer. Shortly 
after Gilchrist’s appointment in 1939 as 


physician in charge of ward 25 (the ward that: 


was: associated with cardiology in the Royal 
Infirmary of Edinburgh from Gibson’s time 
through to Bobby Marquis) he introduced Sir 
John Fraser to the idea of surgical ligation of a 
persistent ductus arteriosus. Cardiac surgery 
started in-the Royal Infirmary the following 


year, when Sir John was the.first in Britain to - 


ligate an uninfected persistent ductus. The 
end of the war in 1945 witnessed increasing 
cardiological activity all centred on ward 25 
and Gilchrist. There was a. changing collec- 
uon of research fellows and unpaid clinical 
assistants until the inception of the National 
. Health Service in July 1948 and the appoint- 
ment and work of these different junior mem- 
bers of staff highlight the contribution. of 
Gilchrist to so many areas of cardiology. The 


fellows included A D Gillanders, who made . 


substantial contributions to: nutritional heart 
disease; Sheila Sherlock, who subsequently 
went to the Hammersmith and later became a 
world authority on liver disease; Bobby 
Marquis himself; John Tulloch, a future 
professor of medicine in Uganda; . Michael 
Oliver; Hamish Watson who in 1967 was to 


introduce into Britain balloon atrial septos- 


tomy for the management of transposition of 
great arteries and who in association with 
Emslie Smith pioneered His bundle electro- 
cardiography in this country; James Low, a 
modest man with a delightful sense of humour 
who, in Auckland, was to become internation- 
ally recognised as one of the most able and 
least peripatetic cardiologists of his genera- 
tion; and Olav Simpson, who held a personal 
chair. in the department of medicine at the 
University of Otago. In 1953 a new depart- 
ment of cardiology was opened adjacent to the 
restricted area formerly occupied by the 
electrocardiographic department on the 
ground floor of the clinical medicine labora- 
tory. The specialist cardiac services -that 
had been initiated by Gilchrist in 1928 for 


_ particular 
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children—and subsequently for pregnant 
. Women, ischaemic heart disease, and for 
cardiac surgery—were now consolidated by 


further senior appointments. 

Gilchrist was succeeded as chief of the 
department of cardiology by Marquis in 1964. 
Three years earlier Michael Oliver who had 
developed an international reputation for his 


-work in ischaemic heart disease had been 


appointed as physician in the department of 
cardiology. The vacancy created by Bobby 
Marquis's promotion was filled by Desmond 


Juhan who returned to the department, where 


he had earlier been a senior registrar, after three 
years as cardiologist in Sydney, Australia. 
Bobby Marquis was always to recall that his 
major contribution to Edinburgh cardiology 
had been to persuade Julian to return to 
Edinburgh. For the next decade the work of the 
department was characterised by a fine blend of 
industry, excellence, and good fellowship. 
Bobby Marquis took enormous pride in the 
professional achievements of his two junior 
colleagues, Julian and Oliver. He was modest 
about his role in developing a department that 
attracted many young trainee cardiologists 
because it was led by a trio of individuals of 
quite disparate personalities and qualities— 
uniquely working in harmony. Many of these 
trainees subsequently went on to head depart- 
ments in this country and abroad and he took 
satisfaction in the academic 
achievements of those like Ronnie Campbell in 
Newcastle, Valentin Fuster at the Mayo Clinic 
and subsequently in New York, and Keith Fox 


' in Cardiff and as successor to Michael Oliver in 


Edinburgh, but his influence on those who 
were not high flyers was as great if not greater. 
His high clinical standards, his insistence on 
the absolute primacy of the individual patient's 
needs at all times, and his ability to listen 
attentively, conveying the impression of being 


totally absorbed by the problem of either 


patient or student (and in so doing curbing his 
considerable loquacious instincts), created a 
profound-impression. He was fascinated by and 
delighted in people. Like many clinicians he 


. found writing difficult. To put his thoughts, 


opinions, and conclusions down on paper was 
an enormous burden to him, whereas talking, 
debating, analysing, and discussing were ali 
enormous pleasures. None the less his publica- 
tions were characterised by meticulous atten- 
tion to detail and he contributed important 
early reports on heart failure in ventricular 
septal defect in infancy, on unipolar electrocar- 
diography in pulmonary stenosis, and on con- 
genital aortic stenosis and its surgical treat- 
ment. He was fascinated by the ductus 
arteriosus and his Gibson lecture in 1979 
reviewed 40 years of Edinburgh and personal 
experience in its diagnosis and management in 
all age groups. 

His heart was given to the life and mind of 
Edinburgh medicine and the Royal Infirmary 
but he was-an able and colourful ambassador 
for Edinburgh and British cardiology nation- 
ally and internationally. He gave unstinungly 
of his time: to the Cardiac Society and to the 
British Heart Journal. His critiques of papers 
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for the journal were in the form of meticulously 
detailed and handwritten reports whose 
characteristic style frustrated any attempt at 
anonymity if they were passed on to authors. 
He was a founder member of the Association of 
European Paediatric Cardiologists. As a 
schoolboy and young adult he had spent a 
considerable time in Germany and France and 
was a sound linguist and these and his other 
talents ensured that he played a major role in 
the shaping of European paediatric cardiology 
in the 1960s and early 1970s. But everyone who 
knew him will recognise that no account of his 
professional and other achievements can con- 
vey the impact of his extraordinary personality. 
All who met him were instantly enveloped in 
and usually enchanted by his endless enthusi- 
asm. He had strong colourful ideas about 
individuals and a style that was very much his 
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own. He delighted in and admired those who 
were unusually gifted and talented; but though 


he respected intelligence he had no time for 


cleverness for its own sake. He was generous in 


support of friends but regarded it as a duty of 
friendship to criticise. He drew out unlikely 
people. He had a particularly high regard for 
what he defined as "character", and above all 
for those who showed character in adversity. 
He had vast generosity of spirit to those less 
fortunate and less endowed than he. Those who 
worked with and for him and those who shared 
his friendship will always regard it as a 
privilege to have known him. 


| thank Dr A R Gilchrist, now in his 91st year, for helpful 
suggestions. Many of the descripuons of Bobby Marquis’s 
predecessors and contemporaries have been drawn directly from 
his own published account “Cardiology in rhe Royal infirmary of 
Edinburgh". 


The physiologist in the laboratory (see also 
pages 4 and 22). Starling died in Kingston, 
Jamaica, in 1927 at the age of 61 while on a 
cruise intended to benefit his health, and is 
buried there (Lewis collection). 
DENNIS M KRIKLER 


Br Heart J 1990;64:41~104 
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THE 69TH ANNUAL GENERAL MEETING of the British 
Cardiac Society was held at the English Riviera Centre, 
Torquay on 22 to 25 May 1990. 

D Dymond was elected Honorary Assistant Secretary 
and S Cobbe and K AA Fox were elected to Council on the 
retirement of M Joy and T Treasure. 


Deaths during the year: T H Crozier, R S Duff, F Gardner, 
P H Kidner, 1 K R McMillan, R M Marquis, ] R W 
Towers, J Keith, J V Warren. 


New Members 1990: P Adams (Newcastle); V Anderson 
(Lancaster); K Beatt (London) R Best (Cambridge); 
C Burrell (London) M Chopra (Cheshire); B Clarke 
(Southampton); I Cooper (London) M Coupe (Man- 
chester); J Cowan (Leeds); B Craig (Belfast); D Gibbons 
(Penzance); J Gibbs (London); T Greenwood (London); 
C Handler (London) N Ineson (London) M James 
(Bristol); B Keogh (Harefield); R Lamb (Southampton); 
M Lewis (Cardiff); S Lewis (London); A Newby (Cardiff); 
S Pringle (Edinburgh); R Riemersma (Edinburgh); 
U Sigwart (London); I Simpson (London); G Thompson 
(London); R West (Cardiff); D Yellon (London). 


New Corresponding Members: M Ballester (Spain); R 
Bugiardini (Italy); P Cohn (USA); M Henderson 
(Canada); S Weinberg (USA). 


The following are abstracts of the papers that were 
presented. 


The technique used for balloon dilatation of the 
mitral valve determines the size of the residual 
atrial septal defect: a transoesophageal 
echocardiography study 


M. R Thomas, M J Monaghan, Jennie Metcalfe, 
D E Jewitt 
Cardiac Department, King's College Hospital, London 


The incidence and severity of atrial septal defects after 
balloon dilatation of the mitral valve have been evaluated 
with transoesophageal echocardiography (TOE) in 17 
patients at a mean interval of 15 (range 3-30) months after 
the procedure. TOE in combination with colour flow map- 
ping and during Valsalva manoeuvre was compared with 
similar transthoracic studies designed to detect residual 
atrial septal defects and transatrial flow resulting from 


different techniques used for balloon catheter transit and 
valve dilatation. In seven patients (group 1) the atrial sep- 
tum was dilated with an 8 mm diameter Olbert balloon, and 
either a single or double balloon (Mansfield) or bifoil 
(Schneider) balloon was used to dilate the mitral valve. In 
10 patients (group 2) the Inoue balloon, with a slimmer 
deflated profile, was used after dilatation of the atrial sep- 
tum with a 14 French vessel dilator. In group 1 a surgically 
significant atrial septal defect was detected by transthoracic 
echo studies in one patient and transatrial flow detected by 
colour flow studies in five. T'OE colour flow and contrast 
studies during the Valsalva manoeuvre detected residual 
transatrial flow easily in all seven patients. In group 2 
patients, when the Inoue system was used, no evidence of 
surgically significant defects or colour flow detected defects 
were observed with transthoracic echo. With TOE a small 
defect was detected in one patient and colour flow in two. 
A contrast study during the Valsalva manoeuvre showed 
transatrial septal transit of microbubbles in all 10 patents. 
This TOE and conventional echo study, therefore, shows 
that some degree of transatrial defect persists in all patients 
after balloon dilatation of the mitral valve. After the use of 
the Inoue balloon system this is minimal, but when atrial 
dilatation 1s used significant defects are seen in all patients. 
TOE with colour flow mapping and Valsalva contrast stud- 
ies provide a sensitive technique for detecting residual 
atrial septal defects after balloon dilatation of the mitral 
valve. 


Changing indications for transoesophageal 
echocardiography: clinical experience in 1000 
patients 


N Sreeram, G R Sutherland, A G Fraser, R Geuskens, 
M A Taams, E Gussenhoven, J R T C Roelandt 
Thoraxcenter, Erasmus University, Rotterdam, The 
Netherlands 


‘Transoesophageal echocardiography (TEE) 1s a new semi- 
invasive technique that should be applied only in appropri- 
ate clinical situations. We have therefore reviewed our first 
1000 TEE studies carried out over 5 years to document the 
changing indications for TEE and to define its current role. 
From our first study in July 1985 (with colour flow map- 
ping (CFM) added in the last 686 studies) the proportion 
of TEE studies to total annual echo studies rose 
progressively from 1% to 14% (p < 0 001). Five diagnos- 
tic areas of maximum benefit were identified. (1) Aortic 
pathology (19% of all TEE studies); TEE confirmed dis- 
section morphology in 58/60 patients but missed type II 
dissections in two (confirmed at operation or necropsy). (2) 
Adolescent and adult congenital heart disease (13%); ın 
this group TEE provided unique information on atrial 
situs; systemic and pulmonary venous drainage; atrial 
baffie function; and lesions of the atrioventricular junction, 
left ventricular outflow tract, and ascending aorta. (3) 
Mitral prosthetic valve dysfunction (10%); TEE dis- 
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tinguished inherent physiological regurgitation from 
pathological paravalvar regurgitation and showed the 
number and sites of pathological leakage. (4) Endocarditis 
(13%); TEE is of unique value in recognising retroaortic 
abscess cavities and fistulas. Endocarditis was diagnosed in 
59% of patients studied. TEE, however, missed vegeta- 
tions in six patients with prosthetic valves (proved at 
surgery or necropsy in four patients). (5) Intraoperative 
studies (15% of all TEE studies in the past three years). 
Though the proportion of TEE studies in patients in 
groups 1—4 has not changed, a relatively new indication has 
been the intraoperative monitoring of ventricular function 
and assessing mitral valve repair. Analysis of pulmonary 
venous flow patterns by TEE has been particularly useful 
in assessing valve repair procedures. 

In our experience the major indications for TEE are 
suspected aortic dissection, endocarditis and prosthetic 
mitral valve dysfunction (patients with these lesions are 
now referred for surgery based on TEE alone), and for 
assessment of congenital heart disease after surgery in older 
patients. Its role has also expanded into intraoperative and 
immediate postoperative assessment of ventricular func- 
tion and surgical repair and into studies in paediatric 
patients (53 patients). 


Cerebral incidents and atrial thrombus in 
patients with mitral prostheses: a comparison of 
precordial and transoesophageal 
echocardiography 


P J Scott, G J Williams, D F Ettles, G A Wharton 
Department of Non-invasive Cardiology, Killingbeck 
Hospital, Leeds 


Thirty eight patients with prosthetic mitral valves were 
studied by precordial and transoesophageal echo- 
cardiography. Ten of them were examined within five days 
of either a stroke (n = 5) or transient ischaemic attack 
(n = 5). In this subgroup (age range 43 to 76 years) four 
patients had metallic valves and were fully anticoagulated 
with warfarin (international normalised ratio 2-9—4-2); six 
had bioprosthetic valves and only two were anticoagulated 
(2-7 and 3:8). The results of both echocardiographic 
approaches were compared. None of the patients had clin- 
ical suggestions of endocarditis, and blood cultures were 
sterile. Precordial echocardiography did not detect the 
presence of atrial or valvular clot in any of the 38 patients. 
In contrast, transoesophageal echocardiography showed 
atrial clot in four of the 10 patients presenting with a cere- 
bral incident and clot on the valve stent in one. Addi- 
tionally, atrial appendage clot was detected in one of the 
remaining 28 patients who were studied for other reasons. 
Clot was more commonly seen in patients with bio- 
prosthetic valves than in those with metallic valves (four 
out of seven v one out of four), and extensive atrial clot was 
detected in two patients with bioprosthetic valves who 
were not receiving anticoagulant treatment. 

The results show that the presence of even extensive 
atrial thrombus or valvular clot cannot be excluded by 
precordial echocardiography in patients with prosthetic 
mitral valves. Study by the oesophageal route is recom- 
mended for such patients who present with either a stroke 
or transient ischaemic attack. 
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Prognostic implications of vegetations and abscess 
formation in infective endocarditis 


M Henein, Antoninette Kenny, Cathy Fuller, 
Dinah Murphy, Helen Murfit, I. M Shapiro 
Cardiac Unit, Papworth Hospital, Cambridge 


We examined the prognostic implications of the presence 
of echocardiographic evidence of vegetations and abscess 
formation in infective endocarditis. A consecutive series of 
72 patients was retrospectively identified (44 men and 28 
women, age range 21-88 years). All had pre-existing valvar 
disease including aortic (59%) and mitral (29%) valve dis- 
ease. Blood cultures were positive in 86%; the organism 
isolated was a Streptococcus sp in 47%; a Staphylococcus sp 
in 29°,; and diphtheroids, Haemophilus sp, and Klebstella 
sp each in two patients. Of the 72 patients, 31 had evidence 
of valvar vegetations (16 aortic and 15 mitral). Three 
patients with vegetations died; 13 required valve replace- 
ment, and 13 were successfully treated medically. A further 
seven (10°,) patients had evidence of aortic root abscess 
formation (two had aortic and mitral valve vegetations 
also). In one an aortic Bjork-Shiley valve was in situ. 
Despite the site of infection only one patient developed 
conduction disease with new right bundle branch block. 
One patient died and three required aortic valve surgery. 
The remaining 36 patients without echocardiographic evi- 
dence of vegetations and abscess formation were all suc- 
cessfully treated medically without complication or the 
need for surgery. 

Echocardiography showed vegetations or abscess for- 
mation in 50°, of patients with infective endocarditis and 
identified a subgroup with an increased risk of illness and 
death. 


Comparative values of exercise echocardiography 
and ?""Tc-methoxyisobutylisonitrile single 

proton emission computed tomography in the 
diagnosis of myocardial ischaemia 


M Pozzoli, P Fioretti, J Smyllie, J R T C Roelandt, 
G R Sutherland 

Thoraxcenter, Erasmus University, Rotterdam, The 
Netherlands 


The relative clinical values of exercise cross sectional echo- 
cardiography (EE) integrated with a digital cine loop 
acquisition system versus °?™Tc-methoxyisobutyliso- 
nitrile single proton emission computed tomography need 
to be defined. To determine this, 80 consecutive patients 
with suspected myocardial ischaemia who were referred for 
single proton emission computed tomography were also 
submitted to EE during the same symptom limited bicycle 
exercise testing. Both EE and single proton emission com- 
puted tomography were visually analysed. For each tech- 
nique three different responses to exercise were defined: (a) 
normal (absence of rest and exercise induced abnormal- 
ities); (b) 1schaemic (reversible perfusion defect and revers- 
ible wall motion asynergy); and (c) fixed abnormalities 
(non-reversible perfusion defect and non-reversible wall 
asynergy). For analysis the left ventricle, as imaged by both 
techniques, was divided into six corresponding regions. 
Seven patients were excluded from the study because of 
unsatisfactory examinations: four had non-interpretable 
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EE and four non-interpretable single proton emission 
computed tomography. The presence of ischaemia was 
determined by EE in 31 patients and by single proton 
emission computed tomography in 35. In all, the response 
to exercise was concordantly classified in 86% (k = 0-78) of 
patients. Of a total of 438 ventricular regions analysed by 
EE and single proton emission computed tomography, 405 
gave concordant results (k — 0-80). EE showed a non- 
ischaemic response in seven patients with positive response 
on single proton emission computed tomography (four 
patients with small posteroinferior defects and three with 
partial redistribution within an infarction). In three 
patients with an ischaemic response on EE a non-ischaemic 
result was obtained on single proton emission computed 
tomography. i 

EE and single proton emission computed tomography 
provide remarkably similar information on the presence 
and localisation of myocardial ischaemia. This has major 
implications for centres where single proton emission com- 
puted tomography is unavailable and for cost effectiveness. 


Transoesophageal echocardiographic imaging in 
the longitudinal axis 


A G Fraser, O F W Stümper, S Y Ho, R H Anderson, 
JR T C Roelandt, G R Sutherland > - 

Thoraxcenter, Rotterdam, The Netherlands, and 
National Heart and Lung Institute, London 


Transoesophageal echocardiography (TE) is an estab- 
lished investigative technique, but its evaluation of the 
heart and great vessels is restricted to single transverse scan 
planes. A new probe has been developed that has a second 
transducer mounted at its tip to produce images in the 
longitudinal axis, orthogonal to standard transoesophageal 
images. The anatomical correlates of the images thus prò- 
duced have not been described, and the advantages and 
limitations of the probe are unclear. We have therefore 
evaluated the biplane probe initially in 16 patients, and we 
have performed correlative echocardiographic and 
anatomical studies in three postmortem hearts. Clinical 
experience showed that longitudinal imaging from the 
stomach better demonstrates the inferior caval vein as it 
enters the right atrium, the left ventricular apex, and the 
anterior and inferior walls of the left ventricle. The left 
ventricular outflow tract and the proximal aorta are also 
visualised and are better aligned for Doppler examination. 
From a transducer position in the oesophagus opposite the 
left atrium unique longitudinal images are available of the 
superior caval vein, the atrial septum, the right ventricular 
outflow tract, the mitral valve, and the left atrial appendage 
and upper pulmonary vein. Ultrasonography of the mitral 
‘valve along the whole zone of coaptation is greatly facili- 
tated by a biplane probe; the anterolateral commissure is 
well seen in a transverse plane, but the posteromedial com- 
missure can be visualised only with the longitudinal plane 
transducer. The ascending aorta is shown by the longi- 
tudinal transducer along on average 7 cm of its length. The 
biplane probe cannot, however, image the whole intra- 
thoracic aorta as the upper ascending aorta and proximal 
aortic arch are inaccessible to both transducers. A minor 
disadvantage is that image resolution is affected by the 
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number of crystals incorporated into the two transducers. 
Anatomical studies suggested, confirmed, and refined the 
clinical interpretation of images. 

Longitudinal axis TE significantly expands the diagnos- 
tic potential of TE, especially in adults with mitral valve 
disease or acute aortic dissection and in older patients with 
congenital heart disease. 


Variability of serum cholesterol measurements: 
implications for screening and monitoring 


S G Thompson, S J Pocock 
Clinical Trials Research Group, London School of 
Hygiene and Tropical Medicine, London 


The reliability of screening for high serum total cholesterol 
concentration is adversely affected by the variability of 
serum cholesterol concentrations over time. This problem 
was investigated using data on repeated serum cholesterol 
measurements for 14600 men and women in the MRC 
Mild Hypertension Trial. For measurements one year 
apart, the within person coefficient of variation (CV) was 
7%, which is substantial compared with the between per- 
son CV of 15%. In a screening programme this within 
person variability may lead to the misclassification of sub- 
jects and to inappropriate intervention. For example, 28% 
of middle aged British men with a single serum cholesterol 
measurement above 6-9 mmol/] have a long term average 
cholesterol concentration below that value even without 
intervention. Using averages of several cholesterol mea- 
surements reduces, but does not eliminate, these problems. 
Furthermore, monitoring the effect of interventions in 
subjects by sequential cholesterol measurements may be 
unhelpful or even misleading. 

. These problems cast serious doubt on the value of 
screening the general population for high serum choles- 
terol concentrations. 


Who gets coronary angiography in Scotland? 


I N Findlay, H J Dargie, T Dyke, M Archibald 
Department of Cardiology, Western Infirmary, Glasgow, 
and Department of Community Medicine, University of 
Glasgow, Glasgow 


Scotland has one of the highest incidences of coronary 
heart disease (CHD) in the world. Its health service is made 
up of 15 area health boards, which differ greatly in the 
provision of cardiological services. Facilities for coronary 
angiography are centred in four area health boards: Greater 
Glasgow, Lothian, Tayside, and Grampian. We examined 
whether or not the rate of coronary angiography was com- 
mensurate with its need, as judged by the standardised 
mortality rate for CHD. Data were supplied by the infor- 
mation and statistics division of the Common Services 
Agency of the Scottish Health Service on patients aged 
45—64 having coronary angiography during 1985—7, amal- 
gamated by sex and health board of residence, and com- 
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pared with the standardised mortality rate for CHD in 
1985. The rate for coronary angiography varied from 
63-4/100000 (Dumfries and Galloway) to 174-4/100 000 
(Lothian) with comparable rates of CHD. Major 
differences in the rates of coronary angiography were noted 
in neighbouring health boards with comparable rates of 
CHD—for example, Greater Glasgow (169/100000) v 
Argyll and Clyde (108-5/100 000). The correlation between 
rates for angiography and CHD was only r — 0:38. The 
rates for coronary angiography were highest in those four 
health boards with angiographic facilities, with the excep- 
tion of Borders. The rates of coronary angiography in 
women correlated with that in men (r = 0-89) but ranged 
from 25% to 5094 of that in men and tended to be lower in 
the outlying health boards despite similar rates of CHD. 

These data suggest, as in many areas of health care, that 
ready access to services rather than need may be the major 
determinant of uptake and support the need for greater 
provision of cardiological skill. 


Should prevention of coronary heart disease start at 
school? 


B Kirby, N Armstrong, J Balding, P Gentle 
Postgraduate Medical School and School of Education, 
University of Exeter, Exeter 


Children may have risk factors associated with coronary 
disease in adults, but data from the United Kingdom is 
sparse. After ethical approval we enrolled 707 11-15 year 
old children. Their smoking habits we obtained from a 
confidential questionnaire; anthropometric data, maturity, 
and blood pressure were measured with standard methods, 
and blood lipid concentrations were measured 
enzymatically. Physical activity was assessed by monitor- 
ing heart rate for 12 hour periods. In all, 25% had smoked, 
but only 11% did so regularly; 11% were overweight. 
Serum total cholesterol concentration was 4:59 (0-75) 
mmol/l, HDL-cholesterol concentration 1:39 (0:32) 
mmol/l, and in fasting children triglyceride concentration 
was 0:76 (0-43) mmol/l and LDL-cholesterol concen- 
tration 2:83 (0-65) mmol/l. Mean systolic pressure was 103 
(12) mm Hg and diastolic pressure 69 (10) mm Hg. Over 
three days one in two girls and one in three boys failed to 
attain a level of physical activity conducive to cardio- 
vascular health. 

In terms of smoking, lipids, blood pressure, and low 
physical activity a third of the children would be defined as 
potential at high risk if they were adults. Other work 
suggests that children retain their approximate rank order 
into adult life; thus emphasis in schools about the 
importance of adopting a healthy lifestyle might be a more 
effective strategy than trying to alter adult behaviour. 


Excess mortality independent of age in women with 
acute myocardial infarction 


I N Findlay, E Henderson, J Christie, C Halket, J Reid, 
J D McArthur, J A Kennedy, H J Dargie 
Department of Cardiology, Western Infirmary, Glasgow 


We compared the effects of acute myocardial infarction on 
mortality in men and women, in a review of 1158 patients 
admitted with acute myocardial infarction to our coronary 
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care unit. Women were slightly older than men (mean age 
60-7 v 57-1). The sites of acute myocardial infarction and 
incidence of previous infarction and other recorded risk 
factors were similar. Mean mortality was higher in women 
(n = 287) than men (n = 871) (23-394, v 9-6% respectively) 
at all ages (21:395 v 7-196, p < 0:0002; 23:995 v 13:695, 
p < 0-005; and 42-49 v 15.995, p < 0-02 in those aged 
50—59, 60—59 and > 69, respectively). Heart failure devel- 
oped in 213/1154 patients: the mortality in patients with 
heart failure was 41-894 v 6-6% for the remainder. Heart 
failure occurred significantly more often in women (72/214 
v 141/727, p « 0-005) and was associated with twice the 
mortality in men (60% v 32%, p « 0-0005). 

These data show a greater risk of death from acute myo- 
cardial infarction and, in particular, an excess incidence of 
and death from heart failure in women compared with men 
after acute myocardial infarction, which is independent of 
age. 


Ambulatory intra-arterial blood pressure 
monitoring in healthy individuals: differences 
between men and women 


P Broadhurst, G Brigden, P DasGupta, A Lahiri, 
E B Raftery 

Cardiology Department, Northwick Park Hospital, 
Harrow 


It has been suggested that ambulatory blood pressure 
monitoring is better than casual cuff methods in predicting 
cardiovascular events, but lack of reference data on a nor- 
mal population seriously limits its clinical applicability. 
We therefore performed 24 hour intra-arterial ambulatory 
blood pressure monitoring in 50 normal volunteers (cuff 
blood pressure « 140/90 mm Hg) aged 18 to 74. There 
were 30 men and 20 women, but there were no significant 
differences between the sexes with regard to age, cuff blood 
pressure, or body mass index. A diurnal variation in blood 
pressure was observed, which was qualitatively similar to 
that in hypertensive individuals and included a prewaking 
blood pressure rise. Mean daytime intra-arterial pressures 
differed little between the sexes (124/74 mm Hg in women 
v 127/76 mm Hg in men, NS) but was lower at night in 
women than men (96/52 v 102/59 mm Hg respectively, 
p < 002 for diastolic pressure). Based on this group of 
subjects we defined the upper limit of normal daytime 
blood pressure in men and women as 150/90 mm Hg and 
that of mean night time blood pressure as 130/80 mm Hg 
in men and 115/65 mm Hg in women. 

The lower night time blood pressures in women com- 
pared with men with similar daytime pressures may 
explain why women seem to tolerate similar levels of blood 
pressure better than men. 


Follow up of glucose tolerance and insulin 
response in apparently healthy men in relation to 
coronary heart disease 


A H Hargreaves, R Logan, R Elton, K Buchanan, 
M F Oliver, R A Riemersma 
Edinburgh Royal Infirmary 


Glucose intolerance or insulin insensitivity may predispose 
to coronary heart disease. The Edinburgh-Stockholm 
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study showed that men in Edinburgh had a higher peak 
insulin concentration and a greater total release of insulin 
during an oral glucose tolerance test than men in Stock- 
holm. The Scottish men (n = 107) were followed for 12 
years, and 11 new cases of coronary heart disease were 
treated; five men had moved away, and the rest were 
invited to attend a clinic; 83 attended. All clinical and lab- 
oratory investigations were repeated. Fasting glucose, but 
not insulin, increased over the 12 years from 5:15 (0-06) to 
6:05 (0-09) mmol/l (p < 0-001). The area under the glucose 
curve (0—120 minutes) increased from 220 (12) to 270 (18) 
mmol/l x minutes/l (p < 0-01). Body weight, subscapular 
and abdominal skinfold thicknesses, but not triceps skin- 
fold thicknesses, increased (p « 0-001). The increase in 
fasting and the area under the glucose curve over the 12 
years was related to the increase in body weight (r = 0-22, 
p < 0:05). Changes in insulin area (0-120 minutes) were 
related to changes 1n body mass or skinfold thickness 
(r = 0:30, p < 001). 

None of the glucose tolerance test variables predicted 
new coronary heart disease events over the 12 year follow 
up, 1n contrast to classic risk factors. 


Transcatheter embolisation of coronary fistulas: 
an alternative to surgery? 


R Anjos, J Reidy, Alison Hayes, ] M Parsons, 
E J Baker, S A Qureshi, M Tynan 
Guy’s Hospital, London 


Percutaneous transcatheter embolisation was attempted in 
six patients with coronary artery fistulas. The age range 
was 2 to 67 (median 16) years. In five patients the fistulas 
were congenital and in one the fistula was a complication of 
aortic valve replacement. The fistulas originated from 
branches of left (four patients) and right (two) coronary 
arteries and drained into the right ventricle (two), right 
atrium (two), coronary sinus (one), and a bronchial artery 
(one). Two patients (both adults) had symptoms, one dys- 
pnoea and the other angina. Embolisation was performed 
with detachable balloons (three patients), multiple coils 
(two), and a combination of a balloon and coils (one). 
Angiography immediately after embolisation disclosed 
good position of the devices in all cases. In one patient 
spontaneous deflation of the balloon occurred after it had 
been placed in a satisfactory position, and it embolised into 
the pulmonary vascular bed without secondary effects. 
This patient was referred for elective surgery. There were 
no other complications associated with the procedure. Fol- 
low up ranged from 4 months to 4 years (mean 10 months). 
Three patients underwent Doppler evaluation and two 
repeat cardiac catheterisation. No residual flow was found. 

Transcatheter embolisation is a safe and effective 
approach to treating coronary artery fistulas and should be 
considered as the best treatment for coronary artery 
fistulas. 


Advantages of percutaneous balloon dilatation of 
the mitral valve with the Inoue system 


D H Jewitt, B T Meany, Jennie Metcalf, S Thomas, 
M Monaghan 
Cardiac Department, King’s College Hospital 


Percutaneous balloon dilatation of the mitral valve was 
performed in 51 patients by a single operator. In the first 
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26 patients (group A) after dilatation of the atrial septum 
with an 8-10 mm Olbert balloon a guide wire was passed 
through the left heart and stabilised in the descending 
aorta. A single balloon (25 mm) was used in four patients, 
a bifoil balloon (19mm x 2) in six, and two balloons 
(15mm x 2 or 25 + 10mm) in 15. In the last 25 patients 
(group B) a 14 French dilator was used to facilitate passage 
through the atrial septum and the Inoue balloon system 
was used with incremental inflations to between 25 and 
29mm diameter. Cross sectional echocardiography and 
Doppler colour flow were used after each inflation to assess 
the immediate result in group B. Mean left atrial pressure 
fell from 23-2 (6-1) to 13:9 (7 0) mm Hg in group A and 
from 25-2 (7) to 14-0 (1-0) mm Hg in group B; both results 
were highly significant (p « 0 001). Mitral valve area echo- 
cardiographically estimated three to seven days after the 
procedure increased from 1-1 to 1:73 cm? in group À and 
from 1:05 to 1-95 cm? in group B (both p < 0-01). 
Improvement in symptoms in botb groups was comparable 
at three to 27 months. Mean screening time (20 2 minutes) 
and procedure time (42 minutes) were dramatically shorter 
in group B compared with group A, in which the corre- 
sponding mean screening time was 61 munutes and the 
procedure time 105 minutes. In group À three patients 
developed cardiac tamponade and three transient cere- 
brovascular accidents with two surgically significant atrial 
septal defects whereas none occurred in group B patients. 
Two patients in each group developed important mitral 
regurgitation requiring subsequent mitral valve replace- 
ment. 

The Inoue balloon technique has clear advantages, being 
more easily and quickly performed and associated with 
fewer serious acute complications. It should become a stan- 
dard interventional technique in patients with mitral 
stenosis and a clear alternative to open or closed surgical 
mitral valvotomy. 


Comparison of the results of balloon dilatation 
and surgical valvotomy in treating pulmonary 
valve stenosis 


A B Houston, J Bruinnenberg, J Burns, E Murtagh, 
S Lilley, R Fraser, G Olaffson 
Royal Hospital for Sick Children, Glasgow 


Balloon pulmonary dilatation has superseded surgical 
valvotomy in treating pulmonary valve stenosis. Results 
have shown satisfactory relief of obstruction, but before 
completely accepting the technique it is prudent to com- 
pare the results with those achieved by surgery. 

We assessed the residual gradient and severity of regur- 
gitation by ultrasonography in 30 patients who had had 
balloon dilatation for isolated pulmonary valve stenosis 
and in 28 who had had surgical valvotomy in the preceding 
period; thus follow up in the balloon dilatation group was 
shorter than in the surgical. The valve gradient was 
obtained by Doppler ultrasonography, and the severity of 
regurgitation was assessed from the right ventricular size 
and colour Doppler demonstration of backflow towards the 
valve not through it. 

The valve gradient distribution before intervention was 
statistically comparable in the two groups. In the surgical 


' group it was reduced from 62 (25) to 13 (6) mm Hg after a 


follow up of 5-3 years and in the balloon dilatation group 
from 65 (25) to 25 (15) mm Hg after a follow up of 1:9 years. 
The difference was statistically significant but not clinically 
important. The degree of regurgitation from both right 
ventricular size and Doppler backflow was significantly 
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greater in the surgical group than in the balloon dilatation 
group. 

Surgical valvotomy produces greater reduction of gra- 
dient, but this is not clinically important and is achieved at 
the expense of a greater degree of pulmonary regurgitation. 
Long term implications of this are not yet known, but the 
study supports the continued use of balloon dilatation. 


Advantages of immediate surgical standby for 
coronary angioplasty 


R D Levy, D H Bennett, N H Brooks, C S Campbell, 
AK Deiraniya, R A M Lawson, H Moussalli, A N Rahman 
Regional Cardiothoracic Unit, Wythenshawe Hospital, 
Manchester 


The level of surgical cover for percutaneous transluminal 
coronary angioplasty (PT CA) 1s widely debated and ranges 
from full standby to a team at a remote site. Our practice 
has been to have a team on standby with a vacant operating 
theatre adjacent to the cardiac catheter laboratory. From 
1984 to 1989, 1262 vessels were dilated in 1032 patients 
(mean age 53) with a primary success rate of 90% and 
restenosis rate of 21%. Of these patients, 38 (3:795), five 
women (mean age 55-8) and 33 men (mean age 53-0), were 
referred for urgent surgical revascularisation after a com- 
plication of PTCA, 36 direct to operation, and two within 
24 hours. All survived surgery; 5/38 had a previous PTCA 
to the same vessel, and one had previous coronary artery 
grafts; 4/38 had PTCA for unstable angina; 18 had single, 
13 double, and 7 triple vessel coronary artery disease. The 
vessel damaged at PTCA was the left anterior descending 
(LAD) artery (n = 23, 15 dissection and eight occlusion); 
right coronary artery (n = 9, six dissection and three 
occlusion); circumflex (CX) artery (n — 3, one probable air 
embolus and two occlusion); and LAD and CX arteries 
(one occlusion). Five patients required external cardiac 
massage into the operating theatre, two of whom had a left 
main stem occlusion. Four patients received internal mam- 
mary grafts and 60 reversed saphenous grafts (1:6/patient). 
Complete revascularisation was achieved in 94-795 of 
patients. The operation was performed on the fibrillating 
heart in nine patients, and cardioplegia was used in 29. 
Mean aortic cross clamp time was 33 minutes, Inotropic 
support was necessary for weaning from cardiopulmonary 
bypass in 9/38 (23-695), and no patient required an intra- 
aortic balloon. Q wave myocardial infarction occurred in 
6/38 (15 8%). One orthotopic transplant was performed in 
a patient whose LAD artery became occluded 72 hours 
after PT CA and who developed cardiogenic shock. The 
final outcome was: none dead; three patients with angina; 
one late death, one cerebrovascular accident, one late oper- 
ation for a new LAD artery lesion; and two patents 
receiving diuretics or an inhibitor of angiotensin con- 
verting enzyme, or both. A further five patients died with- 
out referral for surgery (0:4895); three had salvage PTCA 
for inoperable disease, one had a cerebrovascular accident 
three hours after the PTCA, and one died suddenly 24 
hours after PTCA owing to acute occlusion. 

We believe that the immediate availability of surgery for 
most patients has been largely responsible for the zero sur- 
gical mortality and low morbidity. 
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Coronary angioplasty in recipients of orthotopic 
cardiac transplants 


P Mullins, J Scott, S Large, ] Wallwork, P Schofield, 
L M Shapiro 

Cardiac Unit and Cardiac Transplant Research Unit, 
Papworth Hospital, Cambridge 


The long term survival of heart transplant recipients is 
limited by the development of coronary occlusive disease 
(COD). COD is the main cause of graft failure after the first 
year of transplantation. It 1s unclear whether percutaneous 
transluminal coronary angioplasty (PT'CA) of epicardial 
coronary lesions in these patients will produce prolonged 
arterial patency or improved graft function. Eight patients 
from our orthotopic cardiac transplant programme had 
PTCA attempted on 13 lesions up to December 1989. All 
had significant (70%) stenoses: five stenoses affected the 
left anterior descending artery; three the right; two the left 
circumflex; and there were three branch lesions. Primary 
angiographic success was achieved in 10 of the 13 lesions 
(7195) with a mean reduction in severity from 81-8 (SE 
2:9)°, to 12:5 (2:5)%. The guide wire could not be 
advanced across three lesions in two patients. No acute 
complications occurred. T'he mean angiographic follow up 
consequently is 12:6 (range 4-25) months, and the recur- 
rence rate per lesion is 30% at present. There has been a 
subjective reduction in breathlessness in 57% of the suc- 
cessfully treated patients. 

PTCA is technically possible in patients with COD after 
cardiac transplantation. In the short term PTCA offers 
improvement in arterial patency in cardiac transplant 
recipients comparable to that in ordinary atherosclerotic 
coronary disease. Long term improvement in arterial 
patency, reduction of symptoms, or graft survival remains 
unciear. 


Isolated stenosis of proximal left anterior 
descending coronary artery: Is angioplasty the 
treatment of choice? 


R A Henderson, Sheila Karani, A Dritsas, E Sowton 
Guy's Hospital, London 


Patients with isolated, proximal left anterior descending 
coronary stenoses have a less favourable prognosis than 
patients with other forms of single vessel disease. We 
report the short term and long term results of coronary 
angioplasty in 295 patients with single vessel disease 
involving the proximal third of the left anterior descending 
artery. Before angioplasty 76-6% had severe angina, and 
myocardial infarction had occurred in 27:594. During the 
early part of this series non-steerable catheters were used 
and the angiographic success rate was 834% for all 
patients, but 90-59, for non-occluded vessels treated since 
1985. Major complications included myocardial infarction 
(4 7%) and emergency surgery (3-494), and clinical success 
at hospital discharge occurred in 79-795. Follow up for up 
to 8 (median 2-9) years was 99-7% complete at census. Five 
years after successful angioplasty cumulative cardiac 
survival was 96:295, and freedom from cardiac death and 
non-fatal myocardial infarction was 93-5% (95.694 and 
89 4% respectively on analysis by intention to treat). 
Within five years after successful procedures 11:4% had 
coronary bypass surgery and 17% required repeat 
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dilatation. Freedom from all cardiac events at five years was 
73-8% after successful angioplasty but 63-095 on analysis 
by intention to treat. At census 73-694 were free of angina, 
42-8% were not receiving regular treatment for mere and 
66-2% were employed. 

These results suggest that coronary angioplasty is- an 
effective treatment option for patients with symptomatic, 
isolated, proximal left anterior descending coronary 
disease. 


Abnormal circulatory reflexes in hypertrophic 
cardiomyopathy 


P J Counihan, Anne O'Donoghue, W J McKenna 
Department of Cardiological Sciences, St George’s 
Hospital Medical School, London 


In hypertrophic cardiomyopathy . (HCM) exercise 
hypotension is found in a third of patients despite an 
increasing cardiac index. Abnormal peripheral vaso- 
dilatation during supine exercise is associated with exercise 
hypotension (r = 0-95), suggesting a disturbance of 
vascular control mechanisms. To evaluate autonomic 
cardiovascular reflexes we measured changes in blood pres- 
sure (BP) and heart rate (HR) in response to Valsalva 
manoeuvre, posture, and respiration in 30 patients with 
HCM who had stopped treatment. Patients were aged 
14-71 (mean 40). Blood pressure was measured intra- 
arterially with simultaneous electrocardiographic record- 
ing. Patients performed the Valsalva manoeuvre by 
supporting 35 mm Hg for 15 seconds. During the Valsalva 
manoeuvre 14 patients had < 15% increase in diastolic BP, 
suggesting impairment of baroreflex. Nine patients had 
« 20?, increase in HR in response to a fall in pulse pressure 
>20 mmHg, six of whom also had impaired rise in 
diastolic BP. Five patients had a Valsalva ratio of longest to 
shortest RR interval « 1:41, implying impaired response. 
Nine had a reduced HR response to standing with a ratio 
of change in HR « 1-04. Twelve had a mean HR change 
from inspiration to expiration over six respiratory cycles 
«15 breaths/minute of whom nine also had impaired 
Valsalva responses. Impaired autonomic reflexes were 
associated with non-sustained ventricular tachycardia but 
not with other clinical, echocardiographic, or 48 hour 
electrocardiographic variables; increase in HR and the 
ratio of percentage increase in diastolic BP to that in FIR 
with Valsalva manoeuvre were less in patients with 
ventricular tachycardia (16 (11) v 33 (17), p « 0-03, 0-9 
(0 7)v0-3 (0 2), p < 0-01 respectively). Similarly, respira- 
tory reflex and postural change in heart rate reflex were less 
(10 (5) v 17 (6); 1-2 (0-2) v 1-0 (0-06), p < 0-04) in those with 
ventricular tachycardia. 
These data suggest that impaired autonomic function is 
common in HCM and is strongly associated with a 
recognised marker of increased risk of sudden death. 


Abnormal baroreceptor E in hypertrophic 
cardiomyopathy 


P J Counihan, Anne O’Donoghue, G A Haywood, 
W J McKenna 

Department of Cardiological Sciences, St George’s 
Hospital Medical School, London 


Exercise hypotension has been shown in about a third of 


47 


patients with hypertrophic cardiomyopathy (HCM) and is 
due to a fall in systemic vascular resistance despite an 
increasing cardiac output. Abnormal peripheral vascular 
responses correlate with exercise hypotension (r = 0-95) 
and are strongly associated with young age and a family 
history of sudden death. To examine the relation between 
inappropriate peripheral vasodilatation and baroreceptor 
sensitivity 27 consecutive patients aged 14—71 (mean 41) 
with HCM were evaluated. Peripheral vascular responses 
were assessed by forearm plethysmography with a mercury 
in silastic strain gauge. À mean of five recordings was made 
at rest and at peak of symptom limited supine bicycle 
exercise. Results are expressed as percentage change in 
forearm blood flow (FBF). Baroreflex sensitivity (BS) was 
assessed by incremental intravenous doses of phenyl- 
ephrine (100-800 ug). The slope of the regression line 
relating rise in systolic blood pressure to the succeeding 
RR intervals (mseconds/mm Hg) was used to express 
baroreflex sensitivity. FBF decreased by 67 (44)% (range 
— 174 to —23%) in 15/27 (55%) and increased by 23 (17)% 
(range —4 to 62%) in 12/27 (45%) (p « 0-001). Baroreflex 
sensitivity was 12-01 (6-3) mseconds/mm Hg (range 2-23) 
mseconds/mm Hg in the 27 patients. In the 12 with a 
normal decrease in exercise FBF the baroreflex sensitivity 
was 9:89 (6-0) mseconds/mm Hg compared with 14-6 (5-8) 
mseconds/mm Hg in those with an abnormal vascular 
response (p = 0-05). Univariate analysis showed that of 10 
clinical, cross sectional and Doppler echocardiography, 
and ambulatory electrocardiographic variables only young 
age (30.(12? v 48 (15) years, p = 0-002) was more common 
in patients with reduced baroreflex sensitivity. Analysis of 
covariance to take account of age on baroreflex sensitivity 
showed that the increased sensitivity in those with abnor- 
mal vasodilatation was independent of age (p = 0-007). 

The association of increased baroreflex sensitivity with 
abnormal peripheral vascular responses in young patients 
with HCM provides strong evidence for altered haemo- 
dynamic. control as a potential mechanism for sudden 
death. 


Clinical and prognostic significance of enterovirus 
infection and its persistence in myocarditis and 
dilated cardiomyopathy 


B T Meaney, P J Richardson, L C Archard, 

E G J Olson, H J F Why, D E Jewitt 

King's College Hospital, London, and Charing Cross 
Hospital, London 


To investigate the role of enterovirus infection and its 
persistence patients with suspected heart muscle disease 
were prospectively evaluated clinically and with endo- 
myocardial biopsy. Virus was detected in biopsy tissue 
with an enterovirus group specific hybridisation probe. 
One hundred and twenty three patients (mean age 44, 
range 6—70) were assessed. Forty one patients (34%) were 
positive for the presence of the virus and 79 (6595) were 
negative, of whom 3 had specific heart muscle disease on 
biopsy and were excluded from subsequent analysis. The 
two groups did not differ significantly in age, clinical 
presentation, or haemodynamic characteristics. At follow 
up (mean 24 months, minimum 12 months), however, 
patients who were positive had a decreased likelihood of 
survival (7595 v 9395, p « 0-001). Follow up biopsy was 
performed in 16 patients (six positive and 10 negative). Of 
the patients who were initially positive, two remained pos- 
itive whereas four had become negative. This change was 
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associated with a clinical improvement in three patients. 
None of the patients initially negative had become positive 
at repeat biopsy. These data show that patients who have 
enterovirus detected on endomyocardial biopsy with a 
hybridisation probe have an adverse prognosis. Of the 
patients who survive, a proportion are negative for virus at 
foliow up biopsy. This may reflect virus clearance in this 
group. 

These observations further implicate enterovirus in the 
pathogenesis and prognosis of myocarditis and dilated 
cardiomyopathy. 


Idiopathic dilated cardiomyopathy: HLA 
association and relation to clinical and 
immunological features 


Alida Caforio, Renata Lorini, A Gavazzi, 

Gabriella Graziano, Miryam Martinetti, G F Bottazzo, 
W J McKenna 

San Matteo Hospital, Pavia, Italy, and Middlesex and St 
George’s Hospitals, London 


To identify genetic markers in dilated cardiomyopathy 
(DCM) and to relate them to clinical and immunological 
features we studied the frequency of HLA antigens and the 
presence of cardiac antibodies in a patient population from 
northern Italy and in controls from the same region. Eighty 
patients with DCM (65 men, 15 women; mean age 43 (10); 
mean duration of symptoms 33 (34) months) and 400 
healthy blood donors (322 men, 78 women; mean age 38 
(10)) were studied. Five patients were in New York Heart 
Association class I, 25 in class IT, 48 in class III, and 2 in 
class IV. HLA: typing (class A, B, C, and DR) was 
performed on peripheral lymphocytes with the micro- 
lymphotoxicity assay. The significance of the deviation of 
HLA antigen frequencies and the strength of associations 
was measured using Woolf’s formulas; p values were 
corrected for multiple comparisons (p,). Cardiac anti- 
bodies were detected by indirect immunofluorescence on 
normal human heart muscle and skeletal muscle. The 
prevalence of cardiac antibodies in DCM was: organ 
specific 3395, partially organ-specific 2395, and cross reac- 
tive with skeletal muscle 7%. Frequencies of HLA-A,-B,- 
C were simular in patients with DCM and in controls. 
There was a positive association with HLA-DR4 (17/80, 
21% in DCM v 43/400, 10-7% in controls, p, = 0-03; rel- 
ative risk (RR) 2-30) and with HLA-DR5 (37/80, 46% in 
DCM v 126/400, 31-5% in controls, p, = 0:03; RR 1:87) 
and a negative association with HLA-DR3 (10/80, 12-5% 
in DCM v 118/400, 29:4% in controls, p, = 0:001; RR 
0 36). Age, sex, symptom duration and severity, and prev- 
alence of cardiac antibodies were similar in patients with 
and without HLA-DR3, DR4, and/or DR5. 

Thus HLA-DR4 and HLA-DR»5 are markers of 
susceptibility to DCM but, unlike in other autoimmune 
diseases, do not seem to influence antibody production or 
progression or severity of the disease. 


Upright tilt in investigation of syncope in 
hypertrophic cardiomyopathy 


D M Guligan, P Nihoyannopoulos, W L Chan, 
Celia Oakley 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Syncope is a common symptom. in hypertrophic cardio- 
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myopathy (HCM ) and is associated with an increased risk 
of sudden death, but the mechanisms of syncope remain 
unclear. Upright tilt, alone or combined with intravenous 
isoprenaline, has been used to reproduce symptoms in 
cases of unexplained syncope, but the potential of this 
investigation has not been assessed in HCM. Twenty four 
patients with HCM, 15 with a history of syncope and nine 
without, were submitted to upright tilt at 60° for 45 
minutes and, if tolerated, further 10 minute tilts during 
infusions of isoprenaline at 1, 2, and 4 ng/minute. Electro- 
cardiography, heart rate, blood pressure and cross sec- 
tional and Doppler echocardiography were monitored 
throughout. During tilt alone three patients with a history 
of syncope and one without showed syncope with profound 
hypotension, variable bradycardia (prolonged asystole in 
one patient) and reduced ventricular diameter and con- 
tractility on echocardiography. With isoprenaline three of 
nine patients with a history of syncopy and none of eight 
patients without developed presyncope associated with the 
development of high outflow tract gradients. In addition to 
these episodes mildly symptomatic or asymptomatic tran- 
sient falls in blood pressure (systolic « 100 mm Hg) were 
noted, particularly in syncopal patients with a history of 
syncopy. Overall, patients with a history had a higher inci- 
dence of total hypotensive episodes than patients without 
(p « 0-01). 

Upright ult in hypertrophic cardiomyopathy may 
reproduce syncope in some patients. The addition of iso- 
prenaline may induce syncope in more patients but 
through a different mechanism. Patients with a history of 
syncope are more likely to develop hypotension during tilt 
than patients without. 


Borrelia burgdorferi infection: an aetiological 
factor in dilated cardiomyopathy? 


H J F Why, S J Cutler, D J M Wright, E G J Olsen, 
P J Richardson 

King's College Hospital, London, and Charing Cross 
Hospital, London 


The aetiology of dilated cardiomyopathy remains obscure 
in many cases. Borrelia burgdorferi, a tickborne spirochaete 
and the causative organism of Lyme disease, is known to 
produce both cardiac arrhythmias and myocarditis. Serum 
samples from 150 patients with suspected heart muscle 
disease who had cardiac catheterisation with a view to 
endomyocardial biopsy were examined for evidence of 
borrelial infection. Positive results for Lyme disease were 
obtained in 26 samples from 18 patients (12%) when tested 
by standard serological techniques for B burgdorferi with 
enzyme linked immunosorbent assay (ELISA), indirect 
immunofluorescence, and immunoblotting for IgG anti- 
body. In 14 of the 18 patients (78%) there was a clinical 
picture of either dilated cardiomyopathy (seven) or myo- 
carditis (seven). Myocardial histology was consistent with 
acute or past myocarditis in nine patients and with dilated 
cardiomyopathy alone in six. Of the remaining four 
patients, two had significant coronary artery disease and 
two hypertrophic cardiomyopathy. Sixteen per cent of 
patients with either dilated cardiomyopathy or myocarditis 
were positive for B burgdorfer1 compared with 6% of 
patients with other diagnoses (p « 0:05). These data show 
a much higher prevalence of antibody to B burgdorferi 
among patients with heart muscle disease than in the 
control population. 

- Though a direct causal relation has not been established, 
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these findings suggest that B burgdorferi may be a possible 
aetiological agent in dilated cardiomyopathy or in patients 
with suspected heart muscle disease. 


Mapping of gene for familial hypertrophic 
cardiomyopathy and analysis of genetic 
heterogeneity 


H C Watkins, J A Jarcho, S D Solomon, Shaughan Dickie, 
J G Seidman, W J McKenna, Christine Seidman 

St George’s Hospital Medical School, London, and 
Brigham and Women’s Hospital, Boston, United States 


We have recently reported the mapping of a gene for famil- 
ial hypertrophic cardiomyopathy (FHC). Linkage analysis 
was performed with 41 DNA probes, selected from a panel 
of 120 probes that identify polymorphic loci spaced 
throughout the genome, to identify a locus that was 
coinherited with disease. A DNA probe identifying a 
restriction fragment length polymorphism (RFLP) 
previously mapped to chromosome 14 disclosed two alleles 
which were coinherited with the phenotypic presence or 
absence of FHC in a family with 20 surviving affected 
members, 24 deceased affected members and 57 unaffected 
members. There were no recombinations (crossovers 
between the loci in meiosis). Multipoint analysis using the 
LINKAGE. program yielded a logarithm of the odds 
(LOD) score of + 9-37 at a recombination distance of zero. 
This is equivalent to odds of greater than 2 000 000 000:1 in 
favour of the FHC locus in this family being on chromo- 
some 14 (band q1). To investigate whether the same chro- 
mosomal locus was responsible for disease in other families 
with FHC 62 members from three additional families were 
studied by electrocardiography, cross sectional or Doppler 
echocardiography, and linkage analysis. Twenty two fam- 
ily members had evidence of FHC with unexplained left or 
right ventricular hypertrophy, or both. Blood samples 
were obtained from each family member and continuous 
cell lines established as a source of DNA. Linkage analysis 
was performed using three probes, CRI-L436, CRI-1.329, 
and pSC14, which identify polymorphisms at chromosome 
14q1, to determine whether these loci are coinherited with 
disease states. Of the three new families, one was found to 
exhibit tight linkage to the pSCl4 locus, with no 
recombinants in 13 informative meioses. The two other 
families, however, did not show linkage to these probes; 
multipoint analysis using the LINKAGE program yielded 
significant negative LOD scores in both families, excluding 
linkage to the chromosome 14q1 locus. 

These data show that there is genetic heterogeneity in 
families with similar phenotypic expression of FHC. 


Effects of acute ischaemia on calcium release 
channel of the sarcoplasmic reticulum: possible 
role in myocardial stunning 


S R M Holmberg, P A Poole-Wilson, A J Williams 
National Heart and Lung Institute, London 


The calcium release channel (CRC) of the sarcoplasmic 
reticulum (SR) is central to the control of the cytosolic 
calcium concentration and hence the contractile state of the 
heart. In this study we have investigated the effects of 
normothermic ischaemia on the CRC from sheep heart. 
Tritium labelled ryanodine is a specific marker for the 
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CRC, and its binding to a mixed microsomal membrane 
fraction isolated from sheep myocardium after 0-120 
minutes of ischaemia has been used to assess CRC density. 


‘Yield of the microsomal membrane fraction was unaffected 


by ischaemia, but a time dependent reduction in binding 
sites (57% (SE 5-1) after 60 minutes) indicated CRC 
degradation. The yield of junctional SR membranes, 
obtained by fractionation of the microsomal membrane 
fraction on sucrose density gradients, was greatly reduced 
by ischaemia, but single CRCs incorporated into artificial 
planar phospholipid bilayers from tissue subjected to up to 
two hours of ischaemia seemed normal and were able to 
bind ryanodine. The activation of proteases or the 
generation of oxygen derived free radicals may contribute 
to CRC degradation. In vitro exposure of non-ischaemic 
CRCS to trypsin or singlet oxygen and superoxide radicals 
progressively reduced labelled ryanodine binding to 
junctional SK vesicles and modified the activity of CRCs 
incorporated into bilayers. During exposure, the channels 
typically exhibited a transient increase in opening followed 
by an irreversible loss of activity. 

We conclude that the CRC is a target for degradation 
early during ischaemia but that residual channels continue 
to function normally. CRC degradation may lead to 


increased permeability of the SR membrane during 


ischaemia and exacerbate cytosolic calcium overload. Sub- 
sequent reduction in the number of CRCs might impair 
calcium release from the SR and, therefore, contribute to 
the mechanism of reduced contraction in myocardial 
stunning. 


Myocardial potassium homoeostasis during 
hypoxia: role of ATP sensitive potassium channels 


C Jiang, T Crake, P A Poole-Wilson 
National Heart and Lung Institute, London 


Potassium (K*) is lost from the ischaemic or hypoxic 
myocardium with a consequent rise in extracellular K* 
concentration. The mechanism is unknown. Experiments 
were undertaken with arterially perfused rabbit inter- 
ventricular septa (90 beats/minute, 32°C) to compare 
86Rb* and '?K * fluxes under normoxic and hypoxic con- 
ditions and to determine the contribution of activation of 
the ATP sensitive K* channel to the K* efflux induced by 
hypoxia. Septa were labelled with isotope for 150 to 180 
minutes, made hypoxic (substrate free) for 15 minutes, and 
then reoxygenated. Hypoxia caused an increased efflux of 
both *?K* and ??Rb*. In eight control septa hypoxia 
caused a mean tissue net K * loss of 4-03 (SE 0-62) mmol/kg 
wet tissue after 15 minutes (determined by ®°Rb* 
exchange), and this was similar to the increase in effluent 
K* (n = 5), indicating that the tissue net K* loss was due 
to increased efflux rather than decreased uptake. Barium 
(0-1 mmol/1 and 1-0 mmol/D), a non-selective blocker of K* 
channels, introduced at the onset of hypoxia caused a 
decrease in tissue net K* loss of 64 (6)% (n = 5) and 97 
(1)% (n = 6) respectively (both p < 0:01 compared with 
that in control septa). Glibenclamide (0-1 mmol/L), a potent 
blocker of the ATP sensitive K * channel, decreased tissue 
net K* loss by 52 (7)% (n = 6) (p < 0-01 compared with 
than in control septa). Neither barium (0:1 and 1:0 mmol/l) 
nor glibenclamide (0-1 mmol/l) affected myocardial "*Rb* 
uptake during normoxic perfusion. 

These data indicate that hypoxia causes an increase in 
^?K* and Rb? permeability and that part of the K* 
efflux from the myocardial cells induced by hypoxia may be 
attributed to activation of ATP sensitive K* channels, 
though other mechanisms are involved. ` 
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Dual control of tissue factor messenger RNA in 
human endothelium 


D C Crossman, ] H McVey, E D G Tuddenham 
Haemostasis Research Group, Clinical Research Centre, 
Harrow and Cardiovascular Research Unit, Royal 
Postgraduate Medical School, London 


Tissue factor (TF) is the essential cofactor for activating 
the extrinsic pathway of coagulation ‘by factor VII. In 
epidemiological studies raised factor VII concentrations 
correlate with an increased risk of cardiovascular events. 
Factor VII circulates ın plasma whereas under normal 
circumstances TF is not expressed on the surface of cells 
that have contact with the blood. Two intravascular cell 
types (monocytes and endothelium), however, may be 
induced to express TF. The control of TF expression in 
these cells is clearly of crucial importance. Total RNA was 
extracted from human umbilical vein endothelial cells 
(HUVEC) that had. been exposed to bacterial lipo- 
polysacchande (LPS) 10 ug/ml or phorbol ester (PMA) 
10 ng/ml. Northern blot analysis with pantisense RNA 
probes labelled with phosphorus-32 showed rapid 
induction of TF messenger RNA (mRNA), detectable by 
30 minutes and maximal at two hours after stimulation. In 
nuclear run on transcription assays nuclei from HUVEC 
exposed for one hour to either LPS or PMA showed a 
10-fold increase in the level of transcription with PMA 
whereas little change was seen with LPS. Experiments to 
ascertain the half life of the mRNA with actinomycin D 
showed a 12-fold difference in the half-life of TF messen- 
ger RNA in cells exposed to LPS for either one or four 
hours (t, = 2 hours, 10 minutes respectively). This sug- 
gests that LPS exerts its effects by increasing TF mRNA 
stability. In support of this cycloheximide produces rapid 
induction of TF mRNA without affecting the level of tran- 
scription. 

Therefore TF messenger RNA concentrations in 
HUVEC are controlled by changes in the level of transcrip- 
tion or in stability of the mRNA, or both. 


Endocardial factors modulate myocardial 
contractile performance 


A M Shah, J A Smith, A H Henderson, M J Lewis 
Departments of Cardiology and Pharmacology, University 
of Wales College of Medicine, Cardiff 


Selective removal of endocardium (2 seconds’ immersion 
in 0-5?, Triton X-100) from isolated heart muscle prepara- 
tions exerts an unusual type of negative inotropic effect: it 
reduces contractile duration and peak isometric force with- 
out altering unloaded shortening velocity. Similar changes 
were induced in endocardium intact ferret papillary 
muscles (n = 22) with 0:1 mM 8-bromocyclic GMP and 
with 1 um sodium nitroprusside, 0-4 uM atrial natriuretic 
peptide, and 1 uM substance P, which increased cyclic 
GMP concentrations by 472%, 329%, and 171% 
respectively. Mechanical and biochemical effects of sub- 
stance P were abolished by previous removal of endo- 
cardium or by haemoglobin (10 pmol/l), which inhibits 
endothelium derived relaxing factor (EDRF) (n = 11). 
Removal of endocardium, however, did not alter the cyclic 
GMP content (n = 6). Bioassay of the effect of effluent 
from superfused cultured porcine right ventricular endo- 
cardial cells on mechanical performance of pig coronary 
artery rings denuded of endothelium or ferret papillary 
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muscles denuded of endocardium showed endocardial 
release of (a) a vasodilator identical to EDRF (n = 20) and 
(6) an unidentified stable substance (not endothelin), which 
reversed the mechanical effects of removal of endocardium 
(n = 6). 

Thus endocardium can influence myocardial contraction 
by tonic release of a substance prolonging contraction and 
stimulated release of an EDRF-like factor abbreviating 
contraction. 


Abnormal expression of class II major 
histocompatibility complex molecule on 
endocardium and cardiac endothelium: a marker 
of immune activation in dilated cardiomyopathy 


Alida Caforio, G F Bottazzo, J T Stewart, E Bonifacio, 
M J Davies, W J McKenna 
Middlesex and St George's Hospitals, London 


The inappropriate expression of major histocompatibility 
complex (MHC) class II molecules on endothelial and epi- 
thelial cells is a recognised marker of autoimmune disease. 
Expression of MHC molecules was studied in dilated 
cardiomyopathy (DCM) to investigate the role of 
autoimmunity in this condition. Fresh right ventricular 
endomyocardial biopsy tissue from 29 patients with DCM 
was compared with myocardium obtained at the time of 
cardiac surgery from 63 patients with other acquired 
cardiac disease and from 22 with congenital heart disease. 
Conventional immunofluorescence with monoclonal anti- 
bodies to lymphocytes and macrophage markers and to 
MHC class II molecules was performed. Double 
immunofluorescence with antibody to human factor VIII 
was used for identifying endothelial cells. MTC class II 
molecules were not found on myocytes in specimens from 
patients with congenital heart disease and were uncommon 
on endothelium (2/22) and endocardium (2/22). Class II 
molecules were expressed more frequently in DCM than in 
other acquired cardiac diseases on endothelium (28/29 v 
19/63, p < 0-001) and on endocardium (22/29 v 11/63, 
p < 0-001) but were not expressed on myocytes. The 
finding of inappropriate expression of MHC class II mole- 
cules in DCM was not related to the presence of circulating 
organ specific cardiac antibodies, duration of symptoms, or 
their severity. In all the biopsy specimens examined from 
patients with DCM there was a hierarchy of class II subloci 
product expression (DR»DP»DQ) lymphocytic 
infiltrates and macrophage clusters were not seen. 

The finding of inappropriate expression of MHC class II 
molecules on endocardium and cardiac endothelium in 
DCM suggests a possible pathogenic role for these cells in 
the initiation or perpetuation of this condition, or both. 


Lack of relation of pretreatment streptokinase 
resistance titres and streptokinase IgG 
concentrations with hypotensive responses and 
coronary patency with thrombolytic agents con- 
taining streptokinase 


J D Gemmill, K J Hogg, J M A Burns, R Standring, 

H Greenwood, R Fears, H Ferres, A P Rae, F G Dunn, 
W S Hillis 

Department of Medicine and Therapeutics, Stobhill 
General Hospital, Glasgow 


One hundred and twenty eight patients (101 men, 27 
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women, age range 31 to 70) were treated with either strep- 
tokinase (SK) 1-5 MIU infused over 60 minutes (n = 64) or 
anistreplase (A) 30 units by 5 minute injection, within six 
hours of onset of acute myocardial infarction. Pretreatment 
blood samples were analysed for streptokinase resistance 


titre (SKRT) in 96 patients (48 receiving SK, 48 receiving: 


À) and specific SK IgG concentrations in 124 (60 receiving 
SK, 64 receiving A). Median IgG concentrations for each 


treatment group were similar (SK 1-19. v 1-04 ug SK 


binding/mi, NS), but the median SKRT was significantly 
higher in the A group (50 v 20 IU SK/ml, p « 0-05). Blood 
pressure was recorded at two minute intervals for 90 
minutes after treatment. In the SK group 23/64 had a 
hypotensive response (defined as a blood pressure fall of at 
least 20 mm Hg lasting at least 6 minutes): 20 within the 
first 30 minutes, nine after 30 minutes, and six both. In the 
A group 33/64 had a hypotensive response: 26 early, 13 
late, and six both (NS). Angiographic coronary artery 
patency was 53% and 55% (NS) at 90 minutes with SK 


and A respectively and 87:5% and 81% (NS) at 24 hours.. 


The infarct related artery was: left anterior descending (54 
patients), right coronary (55), circumflex (12), and not 
determined. (seven). No significant relation was found 
between pretreatment SKRT or SK IgG concentrations 
and coronary patency or hypotensive responses, nor 
between the infarct related vessel and hypotensive 
responses. 

Therefore. these indices of previous exposure to 
streptococcal protein. do not influence the thrombolytic 
efficacy or likelihood of hypotensive response to these SK 
containing thrombolytic agents, and the site of infarction is 
not related to hypotensive responses. 


‘Placebo controlled trial of xamoterol versus digoxin 
in chronic atrial fibrillation 


E L Ang, D P Moore, W L Chan, J G F Cleland, 
Celia Oakley 

Department of Clinical EAT Hammersmith 
Hospital, London 


Twelve patients with chronic atrial fibrillation and normal 
resting heart rate but exercise tachycardia and bradycardic 
episodes were randomised to receive xamoterol 200 mg 
twice daily, digoxin, or placebo in a double blind crossover 
study. Patients were assessed by symptom scores for dys- 
pnoea, fatigue, and dizziness and by 24 hour ambulatory 
electrocardiographic monitoring and treadmill exercise 
testing. Maximum and minimum hourly heart rates and 
number and duration of ventricular pauses were measured. 
Combined symptom score results for xamoterol (4-9) were 
significantly lower than for digoxin (6-2) or placebo (6-2), 
(p < 0-05). Resting heart rate before exercise was lower (62 
(5) beats/min) with digoxin than xamoterol (72 (5) 
beats/min), (p < 0:005) or placebo' (70 (5) beats/min), 
(p < 0-01). Resting heart rate did not differ between 
placebo and xamoterol treatments. Maximum exercise 
heart rate was significantly slower with xamoterol (136 (10) 
beats/min) than with digoxin (150 (10) beats/min), 
(p < 0-005). Xamoterol increased the minimum hourly 
heart rate from 50 (4) to 59 (5) beats/min, (p< 0:05) but 
reduced the maximum hourly rate from 139 (8) to 132 (8) 
beats/min (NS). Digoxin reduced maximum heart rate to 
an equal extent (132 (8) beats/min (NS)) whereas the 
minimum heart rate declined (45 (3) beats/min, p < 0-001) 
compared with xamoterol. Xamoterol significantly 


reduced the maximum duration of ventricular pauses (1:8. ` 
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(0:1) seconds) compared with placebo (2:3 (0-1) seconds) 
(p « 0-005) or with digoxin (2-5 (0-1) seconds) (p « 0-001). 

We conclude from these data that xamoterol is effective 
in rate control and relief of symptoms in chronic atrial 
fibrillation, and may be preferable in patients with episodic 
bradycardia or ventricular pauses. 


Effects of calcitonin gene related peptide on 
human coronary blood flow and epicardial vessel 
diameter 


P F Ludman, A Maseri, G J Davies 
Hammersmith Hospital, London 


Calcitonin gene related peptide (CGRP) is a potent dilator 
of epicardial coronary vessels in humans, but its effects on 
myocardial resistance vessels and coronary blood flow are 
unknown. The effects of CGRP on coronary artery blood 
flow and epicardial vessel diameter were investigated in 


seven patients (aged 40—57); six were men. Four had 


coronary artery disease, and three had normal coronary 
arteries. All had been admitted for routine coronary angio- 
graphy for the investigation of chest pain. Left anterior 
descending vessel diameter, coronary sinus oxygen satura- 
tion (CS0,S), systemic blood pressure, and heart rate were 
measured during intracoronary infusion of increasing con- 
centrations of CGRP (up to 200 ng/ml at 2 ml/minute), 
followed by intracoronary adenosine (10 ? M at 2 
ml/minute), and, finally, intracoronary glyceryl trinitrate 
(GTN) (5 ug/ml at 2 ml/minute). CGRP dilated the left 
anterior descending artery by a mean of 230% (95% 
confidence interval +6:6%) p < 0-001, with only a small 
increase in CSo,S from 40:1 (+7:8)% to 47:3 (451)%, 
p < 0-001. Adenosine, a potent dilator of myocardial 
resistance vessels, caused no further increase in epicardial 
vessel diameter but a rise in CS05,S from 47:3 (4+5-1)% to 
76-0 (+5:8)%, p < 0:01. GTN caused no further increase 
in epicardial vessel diameter. Myocardial work as assessed 
by heart rate x blood pressure product remained 
unchanged throughout the study; CSo,S can therefore be 
used as an index of myocardial blood flow. The CSo;S 


increased only slightly during CGRP infusion. That this 


rise in blood flow was not due to impaired coronary flow 
reserve was confirmed by the pronounced response to ade- 
nosine infusion. 

These data indicate that CGRD, though a potent dilator 
of epicardial vessels, has little effect on myocardial blood 
flow in non-ischaemic myocardium in humans at rest. 


Control of sick sinus syndrome by xamoterol 


D Wright, C Morley, A F Mackintosh 
Killingbeck Hospital, Leeds 


Xamoterol has properties which might be beneficial in the 
sick sinus syndrome. We have studied its short term and 
long term effects on patients with mild to moderate 
symptoms. We entered 26 patients into a short term, 
double blind, randomised crossover trial of xamoterol 
versus placebo. Their response was assessed by symptoms, 
weekly Holter monitoring, and exercise testing. The 13 
patients who improved were started with xamoterol for up 
to one year. All had symptoms, and seven had been referred 
for permanent pacing. Holter monitoring was repeated at 
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three monthly intervals during treatment and again two 
days and two weeks after treatment was stopped. Treat- 
ment was stopped early in five patients (two required 
permanent pacing, one developed ventricular tachycardia, 
one had worsening palpitations, and one died of bronchial 
carcinoma). The remaining eight patients took xamoterol 
for nine to 12 months, and the beneficial effects on 
symptoms and electrocardiography were maintained. On 
withdrawal of the drug all six patients who had pauses 
while taking xamoterol displayed an increase in the number 
and duration of these; four noticed a deterioration in 
symptoms. 

Xamoterol may improve sinoatrial disease for up to one 
year and might be an alternative to pacing in some patients. 


Does antianginal treatment with atenolol, 
nifedipine, and isosorbide monocitrate confer 
more benefit than treatment with atenolol and 
nifedipine or isosorbide monocitrate in patients 
with stable angina and symptoms receiving 
atenolol? 


F Akhras, G Jackson 
Guy's Hospital, London 


Twenty two patients with stable angina pectoris and 
proved coronary artery disease were evaluated subjectively 
and by maximal treadmill exercise testing (MET). They 
entered a randomised double blind crossover study of four 
weeks of atenolol 100 mg (A) and placebo (P), A and nif- 
edipine slow release 20 mg twice daily (B), A and isosorbide 
mononitrate 20 mg twice daily (C), and all three active 
agents combined (D). Exercise time expressed in seconds 
of the Bruce protocol was significantly longer during treat- 
ment C (473 (21-2) than treatments P (427 (19-45), B (438 
(23-4)), or D (455 (22-6)) (p « 0:05). There was, however, 
no significant difference in maximum ST depression (mm) 
between treatment periods P (1-4 (0-70), B (1-39 (0-7), C 
(1-44 (0-7)) and D (1:54 (0-8)). The rate of angina attacks 
was reduced from 15:6 (2-3) with treatment P to 10:2 (2-2) 
with treatment B, to 11:3 (2-5) with treatment C, and to 
12-5 (2-6) with treatment D. Nitrate consumption fell 
similarly. 

The combinations of atenolol and isosorbide mono- 
nitrate or nifedipine slow release were equally effective 
with no obvious further benefit conferred by all three 
combined. Nitrate tolerance was not observed after four 
weeks of continuous treatment. 


High coronary artery patency and plasma 
recombinant tissue plasminogen activator 
concentrations after bolus administration of 
alteplase in acute myocardial infarction 


J D Gemmill, K J Hogg, P D McIntyre, M Kholief, 

J T Douglas, G D O Lowe, N Booth, A P Rae, F G Dunn, 
W S Hillis 

Department of Medicine, Glasgow Royal Infirmary, 
Glasgow, and Department of Medicine and Therapeutics, 
Stobhill Hospital, Glasgow 


Thirty three consecutive patients (23 men and 10 women, 
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age range 40—74) suitable for thrombolytic treatment 
within six hours after onset of myocardial infarction 
detected on electrocardiography were treated with two 
intravenous boluses of 35 mg alteplase 30 minutes apart. 
Mean time to first bolus was 208 (75) minutes after onset 
of symptoms. Coronary angiography was successfully 
performed in 30/33 patients, starting 30 minutes after 
treatment with serial injections to 90 minutes and at 24 
hours. The infarct related artery was left anterior 
descending in 12 patients, right coronary in 15, left main 
coronary artery in one, and circumflex in two. At first injec- 
tion (49-4 (13-3) minutes) the rate of patency (TIMI grades 
2 and 3) was 23/30 (77%, 95% confidence interval 61% to 
92%), rising to 26/30 (87%, 74% to 99% at 90 minutes). 
At repeat angiography at 24 hours 24/29 arteries were 
patent (8395, 69 to 97%). The rate of reocclusion at 24 
hours was 3/29 (10%, 0 to 22%). Five patients had hae- 
matoma formation related to arterial cannulation, and 
three had minor spontaneous bleeding. Mean baseline 
plasma recombinant tissue plasminogen activator (rtPA) 
concentration (n = 24) was 20-1 (1:5) ng/ml, attaining 
peaks of 4451 (452) and 4124 (450) ng/ml after the two 
boluses of alteplase. Before the second bolus the mean rtPA 
concentration fell to 415 (56) ng/ml, and 90 minutes after 
the second bolus it fell to 130 (23) ng/ml. 

These results show that the administration of two intra- 
venous boluses of alteplase achieves brief, high plasma 
concentrations of rtPA, resulting in high coronary patency 
without serious adverse effects on bleeding or reocclusion. 


Reduced myocardial efficiency in hypertrophic 
cardiomyopathy 


J T Stewart, I A Simpson, R E Smith, C Calicott, 
A J] Camm, W J McKenna 

Department of Cardiological Sciences, St George’s 
Hospital Medical School, London 


The common symptoms of chest pain and dyspnoea in 
hypertrophic cardiomyopathy (HCM) are often refractory 
to treatment, and the mechanisms which underly them are 
poorly understood. The severity of symptoms and 
impairment of exercise capacity (Vo, max) are not closely 
related to the severity of left ventricular (LV) hypertrophy, 
to the presence of an LV outflow tract gradient, or to LV 
filling pressures. To investigate myocardial function at a 
more basic level in HCM we compared LV heat prod- 
uction, an index of myocardial mechanical efficiency, in 
five patients with HCM and five normal controls, at the 
time of cardiac catheterisation. All patients had normal 
epicardial coronary arteries. Energy supply to the myo- 
cardium, calculated from myocardial oxygen uptake, was 
higher in the patients with HCM compared with that in the 
controls (mean 6:3 (SD 2:5) W v 44 (2:5) W, NS). 
Proportionately more of the energy released by the 
metabolism of this oxygen, however, was *wasted' as heat 
in the HCM group (mean LV heat production 4:6 (1-6) W 
v 25 (1:1) W, p < 0-05). Calculated myocardial efficiency 
was significantly lower in the HCM patients (0-23 (0-10) v 
0-44 (0-10), p — 0-006). 

It is not clear whether the observed reduction in 
mechanical efficiency of the myocardium in HCM is a con- 
sequence of the hypertrophy per se. Evaluation of the myo- 
cardium in other hypertrophic states is warranted. 
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Changes in human monophasic action potential 
during transient aortic occlusion 


P Taggart, P M I Sutton, M J Lab, M Runnalls, 

W O’Brien, T Treasure 

Middlesex Hospital, London, and University College 
London 


The strong association between ventricular arrhythmia 
and ventricular dysfunction is unexplained. One possible 
mechanism may be a feedback limb of excitation- 
contraction coupling, whereby ventricular loading condi- 
tions influence the time course of repolarisation and hence 
refractoriness (contraction-excitation feedback). Although 
this has been shown in animal studies, and despite its 
potential arrhythmogenic importance, there is to date only 
limited evidence for the existence of this phenomenon in 
humans. We recorded monophasic action potentials during 
transient aortic occlusion from the left ventricular epi- 
cardium in 16 patients having routine coronary artery 
surgery. Peak systolic pressure was monitored using the 
routine radial artery pressure in 10 patients and left 
ventricular pressure by direct needle. puncture in six. 
Aortic occlusion for between one and three beats was used 
to produce a transient increase in ventricular loading. In all 
patients during aortic occlusion the monophasic action 
potential duration at 90% repolarisation decreased (325 
(SD 31) mseconds to 311 (29) mseconds, p < 0:0001). 
After release the monophasic action potential duration 
returned to initial values within three beats. In the six 
patients in whom intraventricular pressure was measured 
directly peak systolic pressure rose from 79 (18) mm Hg to 
a maximum of 139 (27) mm Hg (p « 0:0001) during the 
occlusion. In these six patients there was a strong 
correlation between beat to beat changes in peak systolic 
pressure and changes in monophasic action potential 
duration (r = 0-96, p < 0-0001). This study shows that 
changes in the timing of repolarisation in response to acute 
changes in ventricular loading occur on a beat to beat basis. 

The results provide further evidence for the existence of 
contraction-excitation feedback in humans. Inhomo- 
geneous contraction patterns could, by this mechanism, 
induce inhomogeneity of repolarisation and provide an 
ideal basis for arrhythmia. 


Potassium concentration in cardioplegic solutions 
has a critical role in mediating endothelial damage 
in isolated rat heart 


P S Mankad, S Shankar, A H Chester, M H Yacoub 
National Heart and Lung Institute, London, and Harefield 
Hospital, Middlesex 


We have previously shown that serotonin 5 hydroxy- 
tryptamine causes dose dependent vasodilatation of coro- 
nary circulation in isolated rat heart by releasing nitric 
oxide. We studied the effect of potassium concentration in 
cardioplegic solutions on the vasodilatation in rat heart 
induced by serotonin and glyceryl trinitrate (GIN). Forty 
eight rat hearts were perfused on a modified Langendorff 
preparation; after exposure to 10^ "M serotonin and 10 
ug/ml GTN they were perfused for 30 or 60 minutes with 
either St Thomas’s solution or Bretschneider solution 
containing 20 mmol/l or for 30 minutes with either solution 
containing 30 mmol/l potassium (eight hearts each). Sero- 
tonin and GTN caused 39-0 (3:3)% and 39-7 (2-8)% 
increase in coronary flow respectively. After 30 or 60 
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minutes’ perfusion with St Thomas’s solution containing 
20 mmol/l potassium there was little change in response to 
serotonin or GTN (43-1 (4-1)95, 38 (3 2)% respectively). 
Similarly, perfusion with Bretschneider solution (20 
mmol/1 potassium) for 30 or 60 minutes did not alter the 
amount of vasodilatation (serotonin 39:2 (2:9)% GTN 38 0 
(3-3)%). Perfusion with St Thomas’s solution (30 mmol/l 
potassium) for 30 minutes,. however, abolished the 
endothelial dependent serotonin induced vasodilatation 
(serotonin — 1-6 (1:43)9, GTN 36:9 (2:2)%. Perfusion 
with Bretschneider solution (30 mmol/l potassium) gave 
similar results (serotonin —2:1 (1:23)%, GTN 36-4 
(1:65) %). 

We conclude that potassium concentration in cardio- 
plegic solutions as used clinically is not detrimental to the 
endothelium. Increasing the-eoncentration of potassium to 
30 mmol/l, however, can cause endothelial damage. 


Evidence for a role for nitric oxide in mediating 
endothelium dependent responses in human 
epicardial coronary arteries 


A H Chester, G S O'Neil, S Tadjkarimi, M H Yacoub 
National Heart and Lung Institute, London, and 
Harefield Hospital, Middlesex 


Endothelium dependent relaxations have been reported to 
be mediated through release of nitric oxide (NO) in animal 
vascular tissue. There has been no direct evidence, how- 
ever, that NO is the endothelium relaxing factor in human 
vascular tissue. One hundred and thirty two ring segments 
of coronary artery were removed from 23 patients under- 
going heart transplants for reasons other than ischaemic 
heart disease. The segments were suspended in 5 ml organ 
baths for in vitro recording of vascular smooth muscle 
relaxations. Substance P (SP) (107 '°M to 107 ' M) elicited 
a dose dependent relaxation of coronary artery segments. 
This action of SP is dependent on an intact endothelium. 
The maximum response of SP was equivalent to 89 (8:5)% 
of the maximum effect induced by 1 pg/ml glyceryl tri- 
nitrate (GTN). The action of SP was unaffected by the 
presence of 1076M indomethacin. L-N G-Monomethyl 
arginine (1074 mol/l), a specific inhibitor of NO formation 
from L-arginine, antagonised the relaxations induced by 
SP, decreasing the maximum response of SP to 25 (7-8)% 
of the response with GTN. On application L-N G- 
Monomethyl arginine caused a further 293 (10 1)9$ 
increase in tension on preconstricted vessels, which was 
reversed with the addition of L-arginine but was 
unaffected by D-arginine. 

It is concluded that the relaxations induced by SP on 
human epicardial coronary arteries is mediated by an endo- 
thelial derived factor, which our data indicate to be NO, 
cleaved specifically from L-arginine. 


Eosinophils from hypereosinophilic patients 
damage endocardium of isolated heart muscle 


A M Shah, D L Brutsaert, A L Meulemans, 

L J Andries, M Capron 

Department of Cardiology, University of Wales College 
of Medicine, Cardiff; University of Antwerp, Belgium; 
and Institut Pasteur, Lille, France 


Clinically, hypereosinophilia is associated with endo- 
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cardial damage to the heart, but a causal relation is not 
established. We therefore studied the effect of eosinophil 
suspensions (containing 38-80% "hypodense'"—that is, 
activated—eosinophils) or eosinophil supernatants from 
eight untreated hypereosinophilic patients on contraction 
of isolated cat cardiac papillary muscle -preparations 
(n = 16). Eosinophil suspensions (5—15 x 109/10 ml tissue 
bath) or supernatants (prepared by overnight incubation of 
eosinophils at 37°C) induced within 30 minutes.contractile 
changes identical to the previously reported and character- 
isuc effects of selective endocardial damage—that is, 
reduced time to peak isometric tension ( — 6:695, p < 0-05) 
and isometric tension ( —8 695, p « 0:05) but unchanged 
unloaded shortening velocity. Light and electron micro- 
scopic studies showed a specific pattern of damage to endo- 
cardial cells but an undamaged myocardium. Neither the 
eosinophils nor their supernatants induced any change in 
contraction of muscles denuded of endocardium (n — 3). 
similarly prepared suspensions of eosinophils (containing 
no hypodense cells) or neutrophils from healthy volunteers 
caused no contractile or morphological changes in muscles 
with intact endocardium (n = 10). 

Thus eosinophils from hypereosinophilic patients 
induce morphological and contractile changes in cat 
papillary muscles suggestive of a pathophysiological role in 
vivo mediated by endocardial damage. 


Increased cough reflex in chronic heart failure 
independent of treatment with angiotensin 
converting enzyme inhibitor 


S W Davies, N B Choudry, S L Jordan, R W Fuller, 
D P Lipkin 

Royal Free Hospital, London, and Hammersmith 
Hospital, London 


Dry non-productive cough is described as a symptom of 
chronic left heart failure (CHF). Cough is also a recognised 
side effect of treatment with angiotensin converting 
enzyme (ACE) inhibitor, and ACE inhibitors cause 
increased cough sensitivity to inhaled irritants, but cough 
reflex has not been studied in CHF. Bronchial 
hyperreactivity (increased bronchoconstriction to inhaled 
methacholine) has been reported in subjects with CHF not 
receiving ACE inhibitors, suggesting that airway 
abnormalities may be important. The cough response to 
inhalation of metered doses of a-capsaicin was studied in 
10 patients with CHF not receiving ACE inhibitors and in 
10 age matched controls. Subjects with CHF were aged 
47-76, New York Heart Association grade II or III, and 
left ventricular ejection fraction was « 4595. There was no 
history of pulmonary disease or atopy, and lung function 
(forced expiratory volume in one second, forced vital 
capacity, diffusing capacity for lung carbon monoxide, K.a) 
was 270% of predicted normal values. Deep inspiration 
through a mouthpiece actuated the delivery of 6-25 nmol 
nebulised capsaicin in saline (0-02 ml, mass median 
diameter 4 jum). The number of distinct coughs was noted, 
and each subject was tested four times in succession on the 
same occasion. The mean number of coughs in subjects 
with CHF ranged from 3:5 to 10 (median 6:1) and-in 
controls from 0 to 5-75 (3-9) (p < 0-01, two tailed Mann- 
Whitney test). 

Increased cough reflex to inhaled irritants in CHF per se 
may reflect abnormal sensitisation of pulmonary airway 
receptors, which may contribute to the symptoms of this 
condition. 
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Systolic retrograde pulmonary venous flow as a 
new quantifiable index of mitral regurgitation 


A G Fraser, B Tuccillo, S G van der Borden, 

M E R M van Daele, L A van Herwerden, 

G R Sutherland 

Thoraxcenter, Erasmus University, Rotterdam, The 
Netherlands 


Non-invasive quantification of mitral regurgitation (MR) 
by ultrasonography is difficult because many technical 
factors and haemodynamic variables influence the related 
area of turbulence detected on colour flow mapping 
(CFM). The most common index of severity—turbulent 
jet area measured as a proportion of left atrial cross 
sectional area—cannot usually be obtained by trans- 
oesophageal echocardiography (TEE), and it is unreliable 
in patients with very eccentric MR jets. These con- 
founding factors do not, however, affect left atrial pressure 
events, which are the major determinants of pulmonary 
venous blood flow (PVF). As spectral Doppler recordings 
of PVF are readily obtained by TEE we investigated 
whether PVF Doppler velocity profiles can be used to 
measure MR. Pulsed Doppler recordings from the left 
upper pulmonary vein (LUPV), which is well aligned for 
Doppler studies, were obtained in 18 adult patients before 
and immediately after mitral valve reconstruction or mitral 
valve replacement for isolated angiographic grade III or IV 
regurgitation. The velocity profiles were digitised with a 
newly developed microcomputer programme, and the 
results were compared with conventional ultrasonographic 
indices of MR such as CFM jet width, depth, and area and 
the duration of regurgitation on the colour M mode record- 
ing. Before surgery 15 patients (8395), including all those 
with prolapse and an eccentric jet, had abnormal retro- 
grade PVF during ventricular systole. No retrograde PVF 
was seen in three patients with an early systolic, central 
MR jet. The time velocity integral (TVI) of the velocity 
profile was 0-9 (SE 1 7) cm in systole and 8-2 (0-8) cm in 
diastole (p < 0 01). After surgery no patient had significant 
residual MR on CFM as judged by TEE. In five patients 
MR in early systole (colour M mode) was associated with 
minimal residual retrograde PVF flow. TVI in systole had 
increased to 8-7 (0-9) cm (p < 0-05) whereas TVI in 
diastole was unaltered, at 7-5 (10). The ratio of peak 
diastolic to peak systolic velocities was 0:55 (0-45) before 
surgery and 0-97 (0-13) afterwards (NS). Changes in PVF 
Doppler profiles correlated well with other indices and 
were helpful in assessing the outcome of surgery. 

In conclusion severe MR causes systolic retrograde flow 
in the pulmonary veins, which resolves immediately after 
successful surgical repair. TEE analysis of PVF with 
calculation of systolic T'VI seems to be a useful index of the 
severity of MR. 


Echocardiographic assessment of mitral valve 
repair 


Antoinette Kenny, Cathy Fuller, F C Wells, D L Stone, 
L M Shapiro 
Cardiac Unit, Papworth Hospital, Cambridge 


We report our initial experience with conservative mitral 
surgery since 1985. Fifty eight patients underwent mitral 
valve repair for mitral regurgitation (MR); 41 were men 
and 17 women, aged 48 to 79. Follow up ranged from two 
weeks to four years. One patient was lost to follow up. MR 
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was graded preoperatively by pulsed wave Doppler echo- 
cardiographic mapping: Preoperatively MR was moderate- 
severe and severe in 50 (8695). Seventy eight percent were 
in New York Heart Association (NYHA) functional class 
III-IV. In 42 patients MR was due to degenerative 
changes, in four to ischaemia, seven to rheumatic fever; one 
had congenital disease, one functional, and two .had 
endocarditis. All but one patient had an annuloplasty ring 
inserted. Concomitant cardiac procedures included 
coronary artery bypass grafting (12), aortic valve replace- 
ment (seven), patch atrial septal defect repair (one), tri- 
cuspid valvotomy (one), and tricuspid annuloplasty (one). 
There were two deaths at four months after repair, which 
were unrelated to mitral valve repair. One patient required 
valve replacement. At follow up 95% of patients were in 
NYHA class I-II. MR was absent or mild in 52 (90%). 


Early and late postoperative ultrasonography showed that - 


the septal movement was impaired in all but two patients, 
with abnormal or paradoxical motion. This is unexplained 
but limited the echocardiographic measurement of left 
ventricular function. Function of other myocardial regions 
seemed to be unimpaired. 

"This initial satisfactory experience has led to earlier 
and increased referral of patients with MR for surgical 
treatment. 


Does blood pressure response to the first dose of 
captopril predict response to subsequent doses in 
chronic heart failure? 


] McLay, J McMurray, À Bridges, A Struthers 
Departments of Clinical Pharmacology and Cardiology, 
University of Dundee, Dundee 


Captopril (CPT) is used increasingly in chronic heart 
failure (CHF), and it is common to start treatment with a 
low dose (6-25 mg). It remains uncertain whether a low 


starting dose is really necessary, and, furthermore, there is. 


a paucity of data on the blood pressure (BP) response to 
subsequent doses. The aims of our study were twofold: 
firstly, to determine whether the first dose effect is different 
when different starting doses of CPT are given and, sec- 
ondly, to determine whether the first dose response pre- 
dicts the response to subsequent doses of CPT. Forty 


patients . with stable, diuretic controlled CHF were. 


recruited into a. double blind placebo controlled study 
comparing either a high dose (25 mg eight hourly for four 
doses) or a low dose (6-25, 6:25, 12:5, and 25 mg) regimen. 
No patients withdrew from the study or complained of 
dizziness or hypotension. Mean BP fell significantly in 
both groups after the first dose of CPT. In the low dose 
group mean BP fell by 7 (4) mm Hg after placebo, 16 
(4) mm Hg after 6:25 mg CPT, and 18 (4)mm Hg after 
25 mg CPT (fourth dose). In the high dose group BP fell by 
10 (4) mm- Hg after placebo, 15 (4) mm Hg after 25 mg 
CPT, and 7 (4) mm Hg after CPT 25 mg (fourth dose). The 
maximum fall in BP after the first dose of CPT was 
significantly correlated with the fall in BP after the fourth 
dose in both groups (r-—051, p«002; r= 058, 
p < 0-01). 

These results suggest that the fall in BP after the first 
dose of CPT is of the same magnitude. and duration for 
either 6-25 mg or 25 mg of the drug. Furthermore the fall 
in BP to the fourth dose (25 mg) of CPT correlated 
significantly with that in the first and was in most cases of 
a lesser magnitude than the response to the first dose. 
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Hypotension after captopril occurs independently 
of plasma renin activity and sympathetic nervous 
activity in patients with primary autonomic 
failure 


J S Kooner, W S Peart, R Bannister, C J Mathias 
Cardiology Unit, Department of Medicine, St Mary's 
Hospital, London, and Institute of Neurology, London 


We investigated the haemodynamic and hormonal 
responses to inhibition of angiotensin converting enzyme 
in 12 patients with primary autonomic failure (AF) (five 
with pure autonomic failure and seven with multiple 
system atrophy) and seven normal subjects. Measurements 
of blood pressure (BP), heart rate (HR) (Sentron), stroke 
distance (SD) and cardiac index (CI) (by continuous wave 
Doppler), forearm blood flow (FBF) (by strain gauge 
plethysmography), and digital skin blood flow (DSBF) (by 
laser Doppler flowmetry) were made non-invasively. 
Plasma renin activity (PRA) (determined by radio- 
immunoassay) and noradrenaline (NORAD) determined 
by high performance liquid chromatography were 
measured before captopril (50 mg oral) and at 30 minute 
intervals after. Basal supine BP was higher in AF compared 
with that in normal subjects (p < 0-05). After captopril 
mean BP fell in AF (117 (6) to 103 (5) mm Hg, p < 0-05) 
but not in normal subjects (99 (4) to 97 mm Hg, NS). HR 
was unchanged after captopril in both groups. The 
depressor response in AF was accompanied by a fall in SD 
(9-6 (1-2) to 7-6 (0-7) cm, p < 0-05) and in CI (676 (79) to 
536 (65) cm/minute, p<0-05). SD and CI were 
unchanged after captopril in normal subjects (SD 7-7 (1:3) 
to 7-4 (0-6) cm; CI 579 (117) to 571 (69) cm/minute, both 
NS). There was no reduction in forearm or digital skin 
vascular resistance after captopril in either group. Basal 
PRA in AF was similar to that in normal subjects but did 
not rise after captopril (691 (217) to 681 (221) pg/ml/h, 
NS), unlike in normal subjects (813 (103) to 1360 
(290) pg/ml/h, p « 0-05). NORAD was unchanged after 
captopril in both groups. 

We conclude that captopril lowers blood pressure in AF, 
unlike in normal subjects. The depressor response in AF 
occurs independently of renin levels and sympathetic 
nervous activity, suggesting that alternative mechanisms, 
including accumulation of bradykinin and prostaglandins 
are responsible. 


Acute D blockade decreases cardiac noradrenaline 
spillover 


A J McCance, J C Forfar 
John Radcliffe Hospital, Oxford 


Cardiac and whole blood noradrenaline (NA) kinetics were 
used to assess the effect of short term administration of 
metoprolol on cardiac and overall sympathetic activity at 
rest and during dynamic exercise in 12 patients (mean age 
58 (SD 3)) who had not received B blockers for at least 
seven days. Two periods of supine bicycle exercise were 
undertaken during-infusions of either saline or metoprolol 
(10-15 mg bolus plus 150 pg/minute intravenously), and 
NA kinetics were measured before and during each period 
of exercise. During infusion of metoprolol heart rate 
decreased from 68 (5) to 61 (5) beats/min (p < 0-01) and 
coronary sinus (CS) plasma flow from 50 (5) to 37 (4) 
ml/minute(p < 0-001). CS NA (171 (21) v 141 (15) pg/ml) 
and arterial NA (171 (15) v 158 (16) pg/ml) both tended to 
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decrease, and cardiac NA spillover was significantly 
decreased during metoprolol (5:6 (0-8) to 3-4 (0-7) 
ng/minute, p < 005). Whole body NA spillover also 
tended to decrease during metoprolol (196 (23) v 172 (19) 
ng/minute/m”). Exercise resulted in increases in CS 
plasma flow, arterial NA, CS NA, and cardiac NA spillover 
during both placebo and metoprolol infusions. CS plasma 
flow during exercise was higher during infusions with 
placebo than with metoprolol (69 (6) v 52 (4) ml/minute), 
but cardiac and whole body NA spillover were not 
significantly different. Thus short term administration of 
metoprolol was associated with a striking decrease in rest- 
ing coronary blood flow, attenuation of the increase in 
coronary flow with exercise, and a modest decrease in 
resting cardiac NA spillover. 

The results suggest that, in addition to blocking cardiac 
postsynaptic receptors, B, selective adrenoceptor antago- 
nists may decrease NA release from the cardiac 
sympathetic nerves. 


Comparative study of the efficacy and safety of 
sotalol in prophylactic treatment of patients with 
paroxysmal supraventricular tachycardia 


M Joy, RS B Wanless, K Anderson, S P Joseph and others 
St Peter’s Hospital, Chertsey; Mayday Hospital, 
Croydon and others 


One hundred and twenty six patients were entered into a 
randomised double blind placebo controlled multicentre 
parallel group comparison study to assess the relative 
efficacy of placebo versus sotalol 80 mg twice daily versus 
160 mg twice daily in the management of paroxysmal 
supraventricular tachycardia (PSVT), including atrial 
fibrillation (AF), atrial flutter, atrioventricular re-entrant 
(AVRT), atrioventricular nodo-re-entrant (AVNRT), and 
paroxysmal atrial tachycardia (PAT). The frequency of 
episodes of PSVT was monitored during three baseline 
periods, the length of which were related to the frequency 
of symptoms and which.could-be one, two, or four weeks. 
There followed a one week dose escalation period in three 
parallel groups of placebo (n — 45), sotalol 80 mg twice 
daily (n = 35), and sotalol 80 mg twice daily (n = 46) 
increasing to 160 mg twice daily (n = 44). During the 
double blind phase PSVT events and symptoms were 
monitored as in the baseline phase using diary cards and 
"Cardiomemo" solid state recorders. The relative risk 
(Cox's proportion of hazard) of a recurrence of PSVT 
detected by electrocardiography (ECG) in the 95 patients 
completing the study was less in the treatment group 
(p = 0:042, p=0-0009) with 80 mg and 160 mg 
respectively. After excluding 15 patients (four taking 
placebo, five 80 mg sotalol, and six 160 mg sotalol) without 
recurrence of PSVT on ECG or whose period in the double 
blind phase was too short according to the protocol 80 
patients remained. Five of 26 (1995) of patients taking 
placebo, 11/23 (48%) taking 80 mg sotalol, 21/31 (68%) 
taking 160 mg sotalol experienced no recurrence of PSVT 
(p = 0-018, p = 0-0002 respectively by logistic regression). 
Subgroup analysis showed that sotalol was effective in 
suppressing attacks of PAF at both 80 mg and 160 mg twice 
daily (p = 0:017, p = 0-003 respectively (Fisher's exact 
test) but of AVRT or AVNRT only at the higher dose 
(p = 0:683, p = 0-032 respectively (Fisher's exact test). No 
significant unwanted effects were observed. 

It is considered that sotalol is a useful and safe product 
in the management of PSVT. 
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Effects of theophylline, atenolol, and their 
combination on myocardial ischaemia in patients 
with stable angina pectoris 


F Crea, G Pupita, A R Galassi, H El Tamimi, J C Kaski, 
G J Davies, A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


The effects of theophylline (400 mg twice a day), atenolol 
(50 mg twice a day), and their combination on myocardial 
ischaemia were studied in nine patients with stable angina 
in a randomised, single blind, triple crossover trial. Placebo 
was given to the patients during the run in and run off 
periods. A treadmill exercise test and 24 hour Holter mon- 
itoring were obtained at the end of each treatment period. 
Compared with placebo theophylline improved the time to 
the onset of myocardial ischaemia (1 mm ST segment 
depression) from 7:8 (3-7) to 9-5 (3-7) minutes (p < 0-03) 
and the exercise duration from 9 (3 4) to 10-1 (3-5) minutes 
(p « 0:04). During atenolol treatment and combination 
treatment the time to the onset of ischaemia and the exer- 
cise duration were similar (10-8 (4-2), 11-2 (3-2) minutes 
and 11-2 (3-6), 11-5 (3 2) minutes respectively) and longer 
than during theophylline (p « 0-05). Holter monitoring 
showed that during theophylline treatment the heart rate 
was higher than during placebo treatment throughout the 
24 hours (p < 0:05). During atenolol treatment and combi- 
nation treatment the heart rate was similar and in both 
cases lower than during placebo treatment (p < 0:05). 
Compared with placebo theophylline decreased the total 
ischaemic time from 97 (110) to 70 (103) minutes 
(p < 005). During combination treatment the total 
ischaemic time (5:6 (8:5) minutes) was not statistically 
different from that during atenolol administration (18 (29) 
minutes), although it was significantly lower than that 
observed during theophylline treatment (p « 0-05). 

Thus long term theophylline administration improves 
myocardial ischaemia but to a lesser degree than atenolol. 
The apparent lack of detectable additive effects, despite the 
fact that atenolol abolishes the undesirable chronotropic 
effect of theophylline and that theophylline probably 


' reduces the undesirable increase of cardiac volumes caused 


by atenolol, suggests that these two drugs might share a 
common mechanism of action. 


Rotational angioplasty for chronic coronary 
occlusions 


J € P Crick, G Hartnell, P Wilde 
Bristol Royal Infirmary, Bristol 


A new rotational angioplasty catheter system (ROTACS) 
has been developed at Frankfurt for use in chronic coro- 
nary occlusion. It consists of a smooth olive shaped tip with 
an oval cross section attached to a helical drive shaft that 
rotates at up to 300 rpm and is enclosed in a 5F catheter. 
Through the centre runs a hole large enough to take a 
standard (0-014) angioplasty guide wire. We have used the 
ROTACS in four patients. Patient | (aged 67) had previous 
coronary arcery bypass graft (CABG) with a failed left 
anterior descending (LAD) artery graft. The LAD lesion 
was a chronic (three years) calcified, but subtotal occlusion, 
which was successfully passed by the guide wire, opened by 
the drill, and dilated with a 2-5 mm balloon. Patients 2, 3, 
and 4 (aged 59, 52, and 67 respectively) all had chronic total 
occlusions of the circumflex artery and all underwent 


Proceedings of the British Cardiac Society 


unsuccessful attempts to cross with conventional per- 
cutaneous transluminal coronary angioplasty systems. In 
patient 2 attempts to cross with the ROT ACS were aban- 
doned after the drive seized on to the guide wire. In patient 
3 also the drive seized after some progress had been 
achieved, but a second device was used successfully. In 
patient 4 the occlusion was crossed and dilated without 
trouble. There were no complications. Patient 2 was 
referred for single vessel CABG; the other three pro- 
cedures were angiographically and clinically successful. 

We conclude that the ROTACS technique is not without 
technical difficulties but widens the scope for non-surgical 
intervention in coronary disease. 


Silent myocardial ischaemia before and after 
coronary artery angioplasty in patients with 
stable and unstable angina 


B Foley, D Foley, A Kinsella, G Gearty, P Crean, 

M Walsh 

Cardiology Department, Trinity College Dublin 
Medical School Building, St James's Hospital, Dublin, 
Republic of Ireland 


Ambulatory ST segment monitoring was carried out in a 
series of 69 patients with stable (35) and unstable (34) 
angina pectoris undergoing successful, uncomplicated 
coronary artery angioplasty. The frequency, duration, and 
severity of ST segment depression was analysed to deter- 
mine its relation to several angiographic features. Patients 
were monitored for 24 hours immediately before, after, and 
between 48—96 hours after angioplasty. All episodes of ST 
segment depression recorded were asymptomatic. Before 
angioplasty ST depression was seen in 12/35 (34%) of 
stable and 14/34 (44% ) of unstable patients (NS). Immedi- 
ately after angioplasty ST segment depression was still 
frequent in 8 (22%) and 11 (32%) of stable and unstable 
patients respectively. The mean duration and extent of ST 
segment depression was 38-9 minutes and 1:8 mm in the 
stable group and 26-2 minutes and 1:3 mm in the unstable 


group- before dilatation. After angioplasty it was 92-4 * 


minutes and 3:1 mm in the stable group and 192 minutes 
and 1 3 mm in the unstable group. At 48-96 hours after 
angioplasty S'T segment depression was present in nine 
and six patients in the stable and unstable groups 
respectively. There was no association between the occur- 
rence of ST segment depression at any time period and 
angiographic features. 

Silent ST segment depression is a frequent finding in 
patients with both stable and unstable angina undergoing 
coronary artery angioplasty. The frequency of ST depres- 
sion decreases after successful angioplasty (p « 0-05), but 
the duration and severity of ST depression is increased. 


Urgent general practitioner referral to a cardiac 
centre: evaluation of a chest pain clinic 


M S Norell, D Lythall, C Isley, A G Mitchell 
Department of Cardiology, Harefield Hospital, Middlesex 


In patients with chest pain of recent onset the value of an 
electrocardiographic reporting service is questionable, and 
full assessment may be preferred. Therefore after the 
introduction of an acute chest pain referral service 154 
patients, referred by their general practitioners over a year, 
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were reviewed. They comprised 105 men and 49 women 
(mean age 59, range 25 to 84). The mean duration of symp- 
toms was 19 days (range one to 90 days), and all patients 
were seen within one day after referral. One hundred and 
eleven patients (7295) were assessed within one month 
after the onset of symptoms, and 59 (3895) were seen 
within seven days. The clinical diagnosis was of unstable 
angina in 27 patients (24%) and stable angina in 48 (31%). 
Four patients (395) had acute infarction whereas 48 (31%) 
were considered to have non-cardiac pain. In 17 patients 
(1195) the cause of chest pain was uncertain. The resting 
electrocardiogram was normal in 83 patients, including 12 
considered to have unstable angina. Thirty seven patients 
were admitted directly from the clinic; 73 patients (47%) 
underwent coronary arteriography, of whom 32 (4495), in 
whom the initial electrocardiogram was normal in 13, were 
investigated within one month. Of all patients investigated, 
45 (62%) underwent intervention (percutaneous trans- 
luminal coronary angioplasty (23) and coronary artery 
surgery (22)), 16 within one month of presentation. 

An electrocardiographic reporting system is not in itself 
enough to evaluate chest pain properly. This experience 
underlines the value, and illustrates the effect on facilities 
for early investigation and intervention, of a service 
offering a full assessment of patients with chest pain of 
recent onset. 


How quickly is defibrillation performed in coronary 
care and other medical wards? 


D Wnght, J Bannister, A F Mackintosh 
St James’s University Hospital, Leeds 


When ventricular fibrillation occurs outside hospital 
response time is of major importance, but little accurate 
information is available on the timing of defibrillation in 
hospital. Response time (from cardiac arrest call to first 
defibrillation) was accurately measured in coronary care 
units (CCU) and medical wards. The precise time of the 
arrest call was recorded automatically by the hospital 
switchboard. Each defibrillator carried a modified tracker 
recorder, which recorded cardiac rhythm, elapsing time, 
and defibrillation markers automatically. No patient was 
further than 50 m from a defibrillator. In a year 66 
fibrillation arrests (34 in CCU) were recorded in 48 
patients; 19 patients survived to leave hospital. Response 
time <3 minutes was associated with improved survival 
(52% v 8943. Arrests in CCU were associated with shorter 
mean response time (35 seconds v 202 seconds) and 
improved survival (68% v 29%). In the medical wards 
mean time from arrest call to monitor connection was 125 
seconds, and fibrillation was displayed for more than one 
minute before any defibrillation in 19 out of 32 arrests 
(maximum 235 seconds). Response times were not 
significantly longer at night. 

Defibrillation outside CCU could be speeded up by 
obtaining the defibrillator more quickly and training 
nursing staff to use it. 


Heart failure in a district general hospital 


J Parameshwar, P A Poole-Wilson, G C Sutton 
Hillingdon Hospital, Nr Uxbridge, Middlesex, and 
National Heart and Lung Institute, London 


'The management of heart failure is an important consid- 
eration in allocating resources in a district general hospital 
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(DGH). This study reports the proportion of patients 
entering our hospital as medical admissions who have heart 
failure, the investigatory techniques used to establish the 
diagnosis and aetiology, the accuracy of diagnostic codes 
assigned to the patients, and patient outcome. The hospi- 
tal, in north west London, serves a population of 155 000. 
'The total number of admissions to the medical and geri- 
atric wards during six months was obtained by adding 
together deaths and discharges. The number of patients 
with heart failure was determined by a prospective weekly 
ward survey and a retrospective study of all patient records 
with diagnostic codes for heart failure or pulmonary 
oedema. During the six months 2877 patients were admit- 
ted to the two services, of whom 140 (4-995) had heart 
failure. Only 69 of these patients had been assigned appro- 
priate diagnostic codes. There were 71 males and 69 
females; only 29 patients were aged under 65. An electro- 
cardiogram was done in 137 patients; 48 of these showed 
atrial fibrillation. Chest radiography was done in 136 
patients; 86 films showed pulmonary oedema. Only 81 
patients underwent echocardiography. The aetiology of 
heart failure was considered to be: coronary artery disease 
(41%), valve disease (9%), hypertension (6%), cor pul- 
monale (495), a dilated cardiomyopathy (195), congenital 
heart disease (1%), thyrotoxicosis (1%), and unknown 
(369,5). The mean duration of hospital stay was 16-7 (16.7) 
days. During the period of hospital stay 42 patients (30%) 
died; a further 20 (14%) died during a one year follow up. 
In a DGH heart failure 1s a common reason for admis- 
sion, the population affected is elderly, and the prognosis 
is poor. Essential diagnostic techniques are not being 
carried out in a significant proportion of patients. The 
accuracy of diagnostic coding must be questioned. 


Blood velocity fields at arterial bifurcations: in vivo 
measurement by high frequency pulsed Doppler 
velocimetry 


C J H Jones, K H Parker, M J Lever, F Kajiya 
Imperial College of Science, Technology and Medicine, 
London and Kawasaki Medical School, Japan 


Endothelial function depends on patterns of shear stress, 
intimately related to the blood velocity field. As this may be 
important in atherogenesis, which occurs preferentially at 
bifurcations, we measured velocity fields around eight sur- 
gically exposed canine iliofemoral bifurcations with 20 
MHz 80 channel Doppler velocimetry. Peak Reynold’s 
numbers ranged from 196 to 564 and frequency parameters 
from 2 to 4-1, suggesting flow with both viscous and inertial 
effects important. Geometry was assessed by casts, photog- 
raphy, and 25 MHz ultrasound imaging. The bifurcations 
were planar to within 5° and asymmetrical; vessel 
diameters were 3-2 (0 9) mm upstream; 3 4 (1-1) mm and 
1-8 (0-4) mm downstream, and bifurcation angles were 58 
(10°). Differences in measured velocities among dogs were 
unrelated to geometrical differences or flow distribution 


between daughter vessels, which was altered by variable: 


rate pacing. Strong secondary flows were detected, and 
three dimensional velocity fields were reconstructed from 
measured vectors. The secondary flows caused profiles cal- 
culated on the assumption of parallel flow to be misleading. 
The measured velocities indicated spatial differences in 
shear stress that may explain regional variations in endo- 
thelial function and plaque formation at bifurcations. 
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Effect of two laser and dynamic angioplasty 
devices on platelet reactivity 


A A Gehan, A B Latif, S Ashley, S G Brooks, S G 
Ball, M R Rees 
Cardiac Research Unit, Killingbeck Hospital, Leeds 


Dynamic and laser atherectomy devices are being assessed 
for coronary angioplasty. Their interaction with arterial 
wall is the focus of many studies. Their effects on blood 
elements, however, are largely unknown. We investigated 
the influence of a dynamic angioplasty catheter with a fast 
rotating tip ‘““Kensey catheter" (KC) and continuous wave 
neodymium-yttrium aluminimum garnet (Nd-YAG) 
(1604 nm; laser (with sapphire tip) on in vitro platelet 
function. Blood from healthy volunteers was citrated and 
divided into 5 ml samples of whole blood (WB) or platelet 
rich plasma (PRP). These were exposed to Nd-Y AG laser 
pulses of 10, 25, 50, or 100 J. Similar samples were exposed 
to the dynamic catheter rotating at 20, 40, or 80 thousand 
rpm. Control samples were exposed to the appropriate 
device without activation. Platelet count (PC), platelet 
aggregate ratio (PAR), and extent of platelet aggregation to 
collagen in WB and PRP were measured and compared 
with values in control samples. T'he KC caused inhibition 
of platelet aggregation in WB and PRP proportional to 
speed and duration (r = 0:81, p «,0-001). A similar effect 
was obtained with laser energies >10 J (r= 0-69, 
p < 0-001); lower energies potentiated aggregation 
(p < 0-01). There was no change in PC or PAR to account 
for either phenomenon. Transmission electron microscopy 
showed no appreciable membrane disruption of platelets or 
release of granules. 

Exposure to these angioplasty devices inhibits ın vitro 
platelet function without apparent loss of the integrity of 
platelet structure. This phenomenon and its clinical impli- 
cation for coronary angioplasty using these techniques jus- 
tify further study. 


Central modulation of dyspnoea in chronic heart 
failure related to opioid axis 


S W Davies, S L Jordan, D P Lipkin 
Cardiac Department, Royal Free Hospital, London 


The pathophysiological mechanisms of dyspnoea in 
chronic left heart failure (CHF) are poorly understood. 
The level of dyspnoea correlates only weakly with cardiac 
function and ceritral haemodynamics. The perception of 
dyspnoea may involve similar mechanisms to the percep- 
tion of pain: central modulation could explain differences 
in the severity of dyspnoea between individual patients and 
in the same patient at different times. The relation between 
exertional dyspnoea and pain threshold was studied 1n 40 
patients with CHF, New York Heart Association (NYHA) 
grade II-III. Dyspnoea was assessed with visual analogue 
scales during maximal symptom limited treadmill exercise, 
and exercise capacity was measured as peak oxygen con- 
sumption (Vo max). The effects of modulating the opioid 
axis were studied in 10 subjects with NYHA grade III 
CHF with dihydrocodeine 1 mg/kg and naloxone 05 
mg/kg. The threshold times for cold immersion pain and 
for forearm ischaemic pain both correlated with indices of 
dyspnoea (r= —0 41, p < 001; r= —037, p < 0-02). 
Dihydrocodeine increased Vo4max by 14% (p « 0 05) and 
reduced dyspnoea at a standard workload by 19% 
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(p < 0-02). Naloxone slightly reduced Vo,max by 8% 
(p < 0:05) and increased dyspnoea at a standard workload 
by 16% (p « 0 02). 

These data suggest that the sensation of dyspnoea can be 
effectively modulated by centrally acting drugs. This offers 
the possibility of symptomatic drug treatment of dyspnoea 
in CHF and provides an insight into the central mech- 
anisms modulating the perception of dyspnoea. 


Ion exchange across inactive skeletal muscle 
during exercise in heart failure 


D P Moore, T Crake, Celia Oakley 
Department of Clinical Cardiology, Hammersmith 
Hospital, London 


The participation of non-exercising skeletal muscle in the 
modulation of exercise induced ionic and acid-base 
changes was assessed in seven patients with severe heart 
failure. The changes in plasma potassium (K *), hydrogen 
ion (H*), and lactate (La^) concentrations and carbon 
dioxide tension (pCo;) across inactive forearm muscle were 
measured during and after bicycle exercise (workload 64 
(19 W, peak oxygen consumption 105 (28) 
ml/kg/minute) in seven patients with heart failure due to 
ischaemic heart disease (n — 4), dilated cardiomyopathy 
(n — 2), or valve disease (n — 1). Arterial and deep venous 
forearm blood was sampled at rest, at peak exercise, and at 
two, five, seven, and 10 minutes after. Mean arterial K * 
concentrations rose by 0:57 (0:24) mmol/l (p < 0-01) at 
peak exercise but returned to baseline within two minutes 
whereas venous potassium concentration was unchanged. 
Arteriovenous K* difference thus increased from 0-07 
(0:06) to 0-57 (0 46) (p < 0:05). Mean H* concentration 
and pco, increased across inactive forearm muscle by 5:3 
(23) nmol/l (p < 0-01) and 1-48 (0-3) kPa (p < 0:01) 
respectively during exercise, and these changes persisted 
for five minutes after exercise. Arterial La~ concentration 
rose from 1 45 (0 36) to 3-18 (1-12) mmol/l at peak exercise 
and 474 (218) at five minutes after exercise (both 
p «0:01). Arteriovenous La' difference increased from 
—0 31 (0 26) to 0:6 (1:25) mmol/l (p < 0-05). 

These data show that uptake of K* and La™ by inactive 
skeletal muscle occurs during exercise in patients with 
heart failure and indicate that inactive muscle may be 
involved ın H* homoeostasis. 


Enoximone in patients with severe heart failure 
who continue to have symptoms despite treatment 
with angiotensin converting enzyme inhibitors 
and diuretics i 


K Stainer, L Fullwood, A J Cowley 
University Hospital, Queen’s Medical Centre, 
Nottingham 


In patients with chronic heart failure who have symptoms 
despite treatment with angiotensin converting enzyme 
inhibitors, drugs that cause further vasodilatation may be 
beneficial. Enoximone relaxes vascular smooth muscle by 
increasing cyclic adenosine monophosphate concen- 
trations. Ten patients, all taking diuretics and captopril, 
completed a double blind, placebo controlled study to eval- 
uate the addition of four weeks of enoximone. Exercise 
capability was measured with two treadmill tests, an 
incremental and a fixed workload protocol, and a corridor 
walk test and by step counting with pedometers. Cardiac 
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output was measured with an indirect Fick method and 
limb blood flow by venous occlusion plethysmography. 
Enoximone increased exercise time with the incremental 
test from 498 (91) to 573 (94) seconds after two weeks 
(p = 0051) and to 572 (100) seconds after four weeks 
(p = 0-057). With the fixed test exercise duration increased 
from 252(75) to 431(98) seconds after two weeks 
(p = 0:011) and to 381 (85) seconds after four weeks 
(p = 0:01). The improvement with the fixed test was 
greater than that with the incremental protocol at weeks 2 
and 4 (p = 0:01, p = 0 037). It improved the corridor walk 
test but had no effect on pedometer scores. It increased 
cardiac output during exercise (p = 0-01) and blood flow to 
the calf, and therefore to skeletal muscle, at rest and after 
exercise (p = 0-01). 

Enoximone improves the exercise capability and haemo- 
dynamic variables in patients who have not responded ade- 
quately to diuretics and captopril. The magnitude of the 
effect depends upon the technique used to assess it. 


Lignocaine aerosol anaesthesia and dyspnoea in 
chronic left heart failure 


S W Davies, S L Jordan, S Newman, J Agnew, D P 
Lipkin 
Cardiac Department, Royal Free Hospital, London 


Stimulation of J receptors and other intrapulmonary 
receptors has been postulated as the cause of dyspnoea in 
chronic left heart failure. We assessed the role of these 
receptors by observing the effects of inhaled small particle 
aerosols of local anaesthetic. Ten patients with New York 
Heart Association grade II-III chronic heart failure 
(CHF) without evidence of intrinsic pulmonary disease 
were studied. Aerosol with a mass median diameter of I um 
was generated, °°?" Tc-diethylene triamine pentaacetic acid 
labelled aerosol was shown to deposit uniformly in the 
peripheral lung fields with a peripheral penetration index 
of 0 94 relative to krypton gas. Each subject performed 
maximal treadmill exercise limited by dyspnoea, once after 
lignocaine aerosol, and once after isotonic saline aerosol as 
control, given in random order. Exercise capacity was 
determined as peak oxygen consumption (Vo,max) from 
analysis of mixed expired gases. Lignocaine aerosol 
abolished the cough response to inhaled capsaicin without 
producing measurable blood concentrations. Gag reflex 
and phonation were unchanged. There was a minor (6%) 
fall in forced expiratory volume in one second after lig- 
nocaine aerosol. Exercise Vo,max after lignocaine aerosol 
was 10-8—22-2 (median 17 4) ml/kg/minute and after saline 
aerosol was 10-4-21-1 (17:6) ml/kg/minute. There were no 
significant differences in respiratory rate, peak ventilation, 
or visual analogue scores for dyspnoea. 

These results suggest that, contrary to expectation, 
pulmonary airway receptors and J receptors are not major 
afferent sources for the sensation of dyspnoea in CHF. 


Effect of supine posture on lung mechanics in 
chronic left ventricular failure 


Jane Yap, D P Moore, J G F Cleland, Celia Oakley, 
N B Pride 

Departments of Clinical Cardiology and Respiratory 
Medicine, Hammersmith Hospital 


The mechanisms of orthopnoea in heart failure are still not 
well understood, partly because of difficulty in obtaining 
reliable measurements of pulmonary mechanics in the 
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supine position. We adapted the forced oscillation tech- 
nique to measure total respiratory resistance (Rrs) in the 
sitting and supine positions. Nine patients (8 men, mean 
age 61:6) with chronic left ventricular failure (New York 
Heart Association class I-II) and eight matched controls 
(7 men, mean age 61-5) were studied. Rrs, mid-tidal lung 
volume: (MTLV), spirometry, oxygen saturation (S802) 
and visual analogue scores for breathlessness (VAS) were 
recorded in the sitting position, after five minutes' supine 
rest, and five minutes after return to the sitting position. In 
the sitting position mean (SE) Rrs in the patients was 
significantly higher than in controls (3:54 (0-28) v 2-35 
(0-35) cm H,O/1/second, p < 0:05). Lung volumes were 
reduced in the patients: total lung capacity (% predicted) 
was 81:5 v 103-9, forced expiratory volume in one second 
(FEV,) (95 predicted) was 68-3 v 106 1, and forced vital 
capacity (FVC) (95 predicted) was 62-3 v 97-8 compared 
with controls (all p < 0-01). FEV,/FVC9, was 77:3 in 
patients v 75:9 in controls (NS). Rrs increased significantly 
more in patients than in controls on lying supine (85:4 
(13 0) 9 v 39 1(13-0)95, p < 0-01). Vital capacity declined 
more in patients than in controls (217 v 100 ml, p « 0-01). 
Sao, did not change ın either group. There was a 79:5% 
increase in VAS dyspnoea scores in supine compared with 
sitting patients (p « 0-05). No control subjects experienced 
dyspnoea. On patients resuming the sitting position, all 
measurements reverted to initial sitting values. 

We conclude that patients with chronic left ventricular 
failure show a substantial reversible increase in airways 
resistance accompanied by subjective dyspnoea on chang- 
ing from the sitting to the supine position despite a small 
decline in MTLV. ' 


Disclosure of increased free radical activity in 
heart failure by biochemical markers and proton 
nuclear magnetic resonance spectroscopy 


J McMurray, Midrula Chopra, J Reglinski, W E Smith, 
H J Dargie 

Department of Cardiology, Western Infirmary, 
Glasgow, and Department of Chemistry, University of 
Strathclyde, Glasgow 


Free radicals (FRs) can cause myocardial dysfunction. 
Recurrent episodes of myocardial ischaemia, 
hypoperfusion-reperfusion cycles in other vascular beds 
and neuroendocrine activation may lead to increased FR 
generation in chronic heart failure (CHF). We sought evi- 
dence for this in two groups of patients with CHF. Group 
A (n= 15, age range 30-66) had CHF due to coronary 
artery disease (CAD); because CAD itself may be associ- 
ated with increased FR activity a second group (group B), 
(n = 15, age range 27-79) with CHF and normal coronary 
arteries (no CAD) was also studied. Both groups had a 
comparable degree of systolic dysfunction on echo- 
cardiography and were similarly treated with diuretics, 
digoxin, and vasodilators. Lipid peroxides, markers of FR 
damage to lipids (where peroxides increase), and plasma 
thiols, markers of damage to proteins (where ‘thiols 
decrease), were measured in peripheral venous blood. In 
normal controls (n = 13, age range 23-64) lipid peroxides 
were 7-6 (6.5—8:.3) nmol/ml (median and interquartile 
range) and thiols 505 (492-509) uum/1. Compared with con- 
trols both patient groups showed comparable abnormal- 
ities in FR markers: in group À (with CAD) lipid peroxides 
were 10 0 (8 6-110) nmol/ml (p < 0-01) and thiols 384 
(351-451) um/1 (p < 0-05); in group B (non CAD) lipid 
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peroxides were 9:3 (8-85-10-3) nmol/ml and thiols 364 
(339-418 um/l (both p < 0-01). In a further group of 10 
patents proton nuclear magnetic resonance spectroscopy 
of erythrocytes showed a significant reduction in the signal 
for reduced glutathione, an intracellular FR scavenger. 

These results show that CHF per se is associated with 
increased PR activity in humans. It is possible that FRs 
contribute to myocardial dysfunction in CHF. 


Reduced exercise capacity in patients with 
tricuspid regurgitation after successful mitral 
valve replacement for rheumatic mitral valve 
disease 


P H Groves, N P Lewis, S Ikram, R J C Hall 
Department of Cardiology, University of Wales College 
of Medicine, Cardiff 


Impaired exercise capacity after successful mitral valve 
replacement (MVR) for rheumatic mitral valve disease 
(MVD) may result from prosthetic valve dysfunction, per- 
sistent pulmonary hypertension, or left ventricular dys- 
function. This study reports that the late development of 
tricuspid regurgitation (TR) is also an important cause of 
impaired exercise capacity. We studied 19 patients who 
had previously undergone MVR for rheumatic MVD; nine 
with clinically significant TR and 10 without. The groups 
were matched for age and sex, preoperative New York 
Heart Association class, symptom duration, mean pul- 
monary artery pressure (PAP) and mitral lesion, and for 
mitral prosthesis. All had normal preoperative left ventri- 
cles and coronary arteries and no significant aortic or tri- 
cuspid valve lesion. Postoperative prosthetic mitral valve 
function was normal and systolic PAP and left ventricular 
function similar in both groups. Subjects were assessed by 
echocardiography and colour flow Doppler and maximal 
treadmill exercise; expired gas was monitored by mass 
spectrometry. Exercise tolerance was impaired in patients 
with TR: NYHA class (2-8 (0-6) v 1-2 (0-4), p < 0-001), 
exercise duration (6:6 (2) v 11:3 (3) minutes, p « 0-001), 
and peak oxygen consumption (10-8 (3-2) v 16-6 (3) 
ml/minute/kg, p « 0-001). Respiratory exchange ratio at 
peak exercise was similar (1-02 (0-07) with TR v 1:07 (0-07) 
without), indicating maximal exercise in both groups. 
Patients with TR had smaller increases in systolic blood 
pressure at maximal exercise (5 (14) v 22 (19) mm Hg, 
p < 0-05), and minute ventilation at the same minute 
carbon dioxide production was greater in patients with 
TR (41:9 (7-8) v 33-6 (4:2) l/minute, p < 0-01). 

We conclude that clinically significant TR may develop 
after successful MVR for rheumatic MVD and have shown 
that this is associated with appreciable impairment of exer- 
cise capacity. 


Does spatial orientation of the Bjórk-Shiley 
mitral prostheses affect hydraulic performance of 
the valve? 


G Athanassopoulos, Jayshree Joshi, Celia Oakley, 
P Nihoyannopoulos 

Department of Clinical Cardiology, Hammersmith 
Hospital, London 


We studied the influence of disc orientation in Björk- 
Shiley mitral prostheses (MVR), on the diastolic Doppler 
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flow characteristics and on the effective orifice area. Cross 
sectional echocardiographic studies with pulsed and con- 
tinuous wave Doppler and colour flow imaging were per- 
formed in 37 consecutive patients aged 40 to 75 (mean age 
57 2). Patients were divided into two groups according to 
the direction of the diastolic excursion of the disc. In group 
A (22 patients) the orientation of the disc was anterior, 
opening towards the ventricular septum whereas in group 
B (17 patients) it was posterior, opening away from the 
septum. MVR size (group A 28:6 (1 5) mm v group B 29-2 
(1-2) mm), left ventricular diastolic dimensions (51 (7:8) v 
51:5 (77) mm), fractional shortening (28-9 (9:9) v 29:5 
(5:8)) incidence (9/22 v 8/17), and severity (0-46 (0-6) v 0-59 
(0-5) cm?) of aortic regurgitation were similar in both 
groups. Group À patients had higher peak transmitral gra- 
dients when compared with group B patients (9-8 (4-4) v 
5:1 (1:3) mm Hg, p « 0-001). The effective mitral valve 
orifice area was consistently smaller than that of the manu- 
facturers in both groups (group A 1:41 (0-8) cm? v group 
B 1 47 (0-64) cm”), NS) and did not depend on the size of 
prosthesis. It was not affected by the presence of aortic 
regurgitation. 

It is concluded that in Bjórk-Shiley mitral prostheses at 
rest peak gradients are higher when the disc excursion is 
anterior, but the effective valve orifice area is similar in 
both orientations and unaffected by the presence of mild 
aortic regurgitation. 


Abnormal leaflet apposition as a cause of mitral 
regurgitation: a new finding? 


A G Fraser, L Chow, S Y Ho, L A van Herwerden, 
M J Davies, G R Sutherland to 
Thoraxcenter, Erasmus University, Rotterdam, The 
Netherlands; National Heart and Lung Institute, 
London;and St George's Hospital Medical School, London 


Both transoesophageal and epicardial echocardiography 
can show the morphology and function of the mitral valve 
in much greater detail than is possible with conventional 
transthoracic ultrasonography. With these techniques in 
67 patients with New York Heart Association grade III or 
IV heart failure who were undergoing mitral valve surgery 
we performed a detailed sequential analysis of the valve 
leaflets and the zone of coaptation. Absence of leaflet 
coaptation was identified as the cause of regurgitation in 30 
patients. Eight patients had normal leaflet coaptation and 
apposition and central regurgitation caused by a dilated 
annulus. In the other patients (n — 29) the leaflets seemed 
to coapt along the whole closure line, from the anterolateral 
to the posteromedial commissure, but there were eccentric 
regurgitant jets related to an asymmetrical overlap of one 
leaflet above the other-—that is, abnormal apposition. 
These appearances were often mild, being present without 
echocardiographic criteria diagnostic of leaflet prolapse. 
This pattern has not previously been widely recognised as 
a substrate for mitral regurgitation. To study its possible 
mechanism eight hearts obtained at necropsy from patients 
who had died from non-cardiac causes were perfused 
under pressure retrogradely through the aortic valve, to fix 
the mitral valve leaflets in the closed position, thus simu- 
lating systole. The hearts were sectioned, and the mini- 
mum dimensions between the free edges of the leaflets and 
the border of the rough zone, corresponding to the width 
of normal leaflet apposition, were measured. The mini- 
mum dimension at any site along either leaflet was 1:5—4-0 
mm (mean 2 9 mm). 


61 


These data suggest that asymmetrical apposition of the 
mitral leaflets, in which one leaflet protrudes towards the 
left atrium by 3 mm or more over the other leaflet at the 
zone of coaptation, may be sufficient to cause significant 
regurgitation. The probable mechanism is regurgitation 
under the reflected edge of the abnormal leaflet, between 
adjacent primary chordae tendineae. The identification 
and localisation of this problem will] be of value in under- 
standing the mechanism of regurgitation in particular 
patients, thereby allowing an appropriate mitral valve 
repair operation to be performed. 


Infective endocarditis: Is it a transoesophageal 
echocardiographic diagnosis? 


M A de Belder, I Simpson, L Tourikis, G Leech, 
A ] Camm 
St George’s Hospital Medical School, London 


The diagnosis of infective endocarditis (IE) and its major 
cardiac complications can prove difficult using con- 
ventional transthoracic echocardiography (TTE) To 
assess the role of transoesophageal echocardiography 
(TOE) we studied 60 consecutive patients with suspected 
IE by both TTE and TOE. TOE suggested IE in 24 of 27 
patients in whom IE was subsequently confirmed. Valves 
affected included the aortic valve (AV) (seven native, nine 
prosthetic), mitral valve (MV) (seven native, two 
prosthetic), tricuspid valve (TV) (one patient), and both a 
TV and pulmonary valve (PV) (one patient). Vegetations 
were diagnosed by TOE in'17 patients (and confirmed in all 
five who subsequently underwent surgery) but in only five 


patients using TTE. In three patients, all of whom had 


persistent fever despite appropriate antibiotic treatment, 
TOE showed cavities consistent with aortic root abscesses; 
only one was seen with TTE. In another two patients TOE 


- - disclosed large cavities around the aortic root but under- 


estimated the anterior extent of these compared with sur- 
gical findings. TOE disclosed a small mycotic aneurysm on 
the anterior MV leaflet in two patients and a fistula in a 
patient with an aortic root replacement; these had not been 
detected with TTE. TOE did not suggest IE in any of the 
33 patients with other clinical diagnoses. TOE was limited 
in several respects: (1) the anterior aspect of the aortic root 
was not well visualised; (2) assessment of prosthetic AVs 
was limited by acoustic shadowing; and (3) TOE did not 
provide additional information in the patients with TV and 
PV IE. 

We conclude that TOE provides important anatomical 
and functional insights in patients with documented IE but 
should not be used to exclude the diagnosis. Early use of 
TOE in suspected IE should increase the diagnostic yield 
and help reduce the morbidity and mortality associated 
with this serious condition. 


Who refers patients for repeat valve operations? 


W L Morrison, J Wallwork, M C Petch 
Cardiac Unit, Papworth Hospital, Cambridge 


We have reviewed our experience of patients who required 
repeat valve replacement over four years, during which 286 
tissue valves and 406 mechanical prostheses were inserted 
in our institution; 48 patients (16%) underwent repeat 
valve replacement. Of these, 30 patients (6295) had 
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previous tissue valves and 18 (38%) mechanical valves. 
Repeat valve replacement was necessary because of 
degeneration of the prosthesis in 22 patients (45%), 
endocarditis in 14 (2995), paraprosthetic leak in seven 
(15%), thrombotic occlusion in three (6%), dehiscence of 
valve ring in one (295), and haemolysis in one (2%). Eleven 
patients were admitted with pulmonary oedema, and in 
only one case was this due to endocarditis. The pattern of 
re-referral for consideration for further surgery was 
surprising. Deterioration in the patient's condition was 
most often detected by the general practitioner despite the 
fact that all of these patients were under *routine" medical 
and surgical follow up: 7095 were referred back by general 
practitioners, 4% by cardiac surgeons, and 26% by cardio- 
logists. Even excluding patients who were admitted as 
emergency cases with suspected endocarditis or jammed 
prostheses, further assessment for reoperation was ini- 
tiated by general practitioners in 63% of cases. 

These findings raise questions about the merits of 
hospital follow up of patients with heart valve prostheses. 


Value of complete myocardial revascularisation in 
combined ischaemic and mitral valve surgery 


A Kollar, R U Nair, N R Saunders, D R Walker 
Department of Cardiothoracic Surgery, Killingbeck 
Hospital, Leeds | 


Operative and follow up data on 70 patients with combined 
myocardial revascularisation and mitral valve surgery (63 
valve replacements, four repairs, and three replacements) 
were analysed to assess the early and late outcomes. The 
valve disease was of ischaemic origin (ischaemic heart dis- 
ease (IHD) group) in 30 patients (4395) and non-ischaemic 
origin (non-IHD group) in 40 (57%). Thirty patients had 
surgery between 1977 and 1984 (17 THD, 13 non-IHD) 
and 40 between 1985 and 1989 (13 IHD, 27 non-IHD). 
The operative mortality for the ischaemic group came 
down between the two periods (from 53% to 15%) and 
remained similar in the non-ischaemic group (7:694 v 
11°,). Patients with complete myocardial revascularisation 
had a much lower operative mortality than those with 
incomplete revascularisation (20% v 53%, IHD group; 
6:6% v 20%, non-IHD group). In the last 40 patients at the 
end of a mean of 18 months’ follow up (range 2-62 months) 
two thirds of patients in the IHD group and one third of 
those in the non-IHD group were of New York Heart 
Association class I-II functional state. 

Our results suggest that all patients with mitral valve 
disease should undergo coronary angiography before valve 
surgery, and to minimise the operative risk complete 
myocardial revascularisation is strongly recommended. 


Early experience of a low speed drill for 
recanalisation of chronic total coronary occlusions 


M H Anderson, I A Simpson, D E Ward 
St George's Hospital Medical School, London 


The success rate of conventional angioplasty in chronic 
coronary artery occlusion is low («5094 and decreasing 
with age of occlusion). Low speed rotational coronary 
angioplasty (RA) has been shown to be safe, and primary 
success rates of up to 60% have been reported. We 
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attempted RA with the rotational angioplasty catheter 
system (ROTACS) device on six occlusions (five right 
coronary, one circumflex) in six patients in whom attempts 
at conventional angioplasty had failed (five unable to pass 
guide wire; one unable to pass balloon over wire). 
Estimated duration of occlusion was five to 18 (mean 10) 
months. Mean length of occlusion was 2-4 (range 
0:5-32) cm. Successful recanalisation followed by 
conventional balloon angioplasty was achieved in 2/6 
(including the patient with successful passage of the guide 
wire). Three attempts to recanalise the right coronary 
artery were unsuccessful. On each occasion the ROTACS 
drilled alang the full length of the occlusion, but it was 
impossible to pass a guide wire into the distal lumen. 
Simultaneous contrast angiography of right and left coro- 
nary arteries showed the exact position of the drill tip to be 
within 1 mm of the distal vessel lumen in each case. In the 
one attempt to recanalise a circumflex artery no progress 
could be made due to the tortuous nature of the proximal 
vessel, which prevented drill advancement. 

Our experience shows a low success rate with RÀ when 
conventional angioplasty has failed. A major problem is 
failure to enter the distal lumen despite successful progress 
of the ROTACS past the occlusion. 


Angioplasty of totally occluded arteries by a 
probing catheter 


B Foley, M Walsh, G Gearty, P A Crean 

Department of Cardiology, Trinity College Dublin 
Medical School Building, St James's Hospital, Dublin, 
Republic of Ireland 


A 21 mm probing catheter (USCI) was used in nine 
patients with chronic total coronary artery occlusion. 
Occlusion was present for five (two) months (range 1 to 10 
months) in tbe left anterior descending artery (five 
patients), right coronary artery (three) and left circumflex 
artery (one). In two patients attempts to cross the lesion 
with a 2 mm low profile balloon and wire had failed. A 
standard 0-016 wire (USCI) and probing catheter success- 
fully crossed the lesion in 8/9 arteries. After crossing the 
lesion distal coronary injection through the probing 
catheter lumen confirmed the presence of the catheters in 
the true lumen and outlined the distal artery. A probe 
balloon or low profile balloon was then passed through the 
inner lumen of the probing catheter and withdrawn to the 
site of the stenosis. Serial inflations were performed with a 
2:5 or 3 mm balloon, or both, leaving a residual stenosis of 
28 (18)% stenosis. In two patients further distal stenoses 
were also dilated. Only one complication was observed—a 
distal coronary embolus—and no patient developed 
infarction or required surgery. 

The probing catheter facilitates dilatation of chronic 
totally occluded coronary arteries. 


Intracoronary stents for angioplasty of stenoses of 
saphenous vein aortocoronary bypass grafts 


T R Cripps, N P Buller, A F Rickards 
National Heart Hospital, London 


The success of percutaneous angioplasty of stenoses of 
saphenous vein aortocoronary bypass grafts is limited by a 
very high restenosis rate, up to 60% for proximal graft 
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stenoses. We have embarked on a policy of intravascular 
stent insertion in patients with stenoses of saphenous vein 
bypass grafts suitable for angioplasty to attempt to reduce 
the high restenosis rate in such patients. Currently, seven 
stents have been inserted in five grafts in five patients. The 
stent used is composed of a stainless steel alloy, has a self 
expandable wire mesh design, and is deployed using a 5 
French delivery system. In each case, the presenting 
symptom was limiting angina refractory to medical 
treatment; angiography had shown initial localised graft: 
stenoses of 70% or more. In all patients insertion of either 
one stent (four patients) or two stents (one) was completed 
without initial complications and without residual stenosis 
on angiography. No patient had early or late complications 
attributable to the procedure: in one, there was a small rise 
in the cardiac enzymes but follow up ventriculography 
showed normal left ventricular function. All patients were 
either symptomless or had minimal symptoms during three 
to nine months of follow up; all have undergone follow up 
angiography, and in none of the cases was there restenosis 
within the stented segment. One patient developed recur- 
rent angina at three months due to a new stenosis in the 
proximal graft segment; this responded to further stent 
insertion. i 

Stent insertion shows promise as an adjunct to 
percutaneous angioplasty for stenoses of saphenous vein 
bypass grafts and may become the treatment of choice if 
these results are confirmed. 


Percutaneous angioscopy: from peripheral to 
coronary arteries 


A A Gehani, A Ashley, S G Brooks, S G Ball, M R Rees 
Cardiac Research Unit, Killingbeck Hospital, Leeds 


Unlike angiography, angioscopy allows direct visualisation. 


of arterial lumen. We used high resolution angioscopes 
percutaneously before and after angioplasty in peripheral 
and coronary arteries. The angioscopic features were 
compared with the corresponding angiographic findings. 
In 14 patients with peripheral vascular disease 10 had total 
occlusion treated with Kensey atherectomy catheter (KC). 
In four with stenotic lesions balloon angioplasty was used. 
With saline flush, good views were obtained in 13/14 
arteries before angioplasty and in 10/14 afterwards due to 
increased blood flow. Angioscopy revealed features often 
undetected by angiography and was superior in establish- 
ing the precise nature of occlusive pathology (thrombotic 
or atheromatous). KC did not seem to generate any more 
luminal disruption than conventional balloon. Encouraged 
by these results,.we made 18 attempts (n = 18) at 
percutaneous coronary angioscopy before and after 
percutaneous transluminal coronary angioplasty (PT CA) 
in six patients (one left anterior descending and five right 
coronary arteries), with either a 0-5 mm diameter (n — 2) or 
1:4 mm diameter (n — 4) angioscope, or both (n — 12). The 
angioscopes were introduced through 9 F PTCA Judkins 


catheters. An intelligible view was possible in 7/10 


attempts with the 1-4 mm diameter angioscope but in only 
2/8 with the 0-5 mm diameter angioscope. Angina occurred 
during 3/10 attempts with the 1-4 mm diameter angio- 
scope. The 0-5 mm diameter angioscope induced angina in 
5/8; in one, this was associated with demonstrable coronary 
spasm. No.rise in creatine kinase (heart type) activity was 
observed in any of the patients. After PT CA. angioscopy 
revealed intimal flaps at all PTCA sites visualised, mural 
thrombus in one, and small dissection in another; neither 
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was obvious.on angiography. In one patient clinical and 
angiographic features suggested thrombotic pathology; 
angioscopy showed atheromatous occlusion with no 
thrombus. 

In conclusion, angioscopy provides a new perspective 
towards understanding vascular disease and evaluating 
new angioplasty techniques. Although coronary angio- 
scopy seems to be feasible and safe, it requires further 
improvement. The size of the angioscope may be critical. 


From peripheral to coronary arteries: analysis of 
particles resulting from simulated dynamic 


angioplasty 


A Gehani, S8 Ashley, S G Brooks, S G Ball, M R Rees 
Cardiac Research Unit, Killingbeck Hospital, Leeds 


The Kensey catheter (KC) utilises a fast rotating cam and 
high pressure fluid jet to recanalise occluded arteries. We 
have successfully used 8 F KC in peripheral arteries, a 5 E 
size is proposed for coronary use. There has been some 
concern regarding the risk of embolism of particles 
resulting from this technique. À study was undertaken to 
investigate these particles and some of the factors that 
influence their size. Eighty four fresh endarterectomy 
specimens were inserted in a flow circuit and randomised 
to undergo a simulated procedure using a5 F or 8 F KC at 
a range of predetermined cam speeds (CS) (20 000-80 000 
rpm) and flow rates (FLR) (16-60 ml/minute). The 
collected debris was mounted on slides, and all particles 
^4 um were measured with computerised edge detection 
technique. Most particles (median 90-8 (SD 3-4)%) were 
«35 um in diameter. In those remaining (9-2 (3-4)%) 
significant differences were found between the maximum 
particle size (MPS) in each group (from 170 to 985 um). 
Increasing CS independently reduced MPS from 985 to 
320 um (p < 0-001). Increasing FLR and reducing catheter 
size had a smaller but significant effect on reducing MPS 
(p « 0-005 and p « 0-01). 

In conclusion, although most particles resulting from 
the use of KC in atheroma were small, a low proportion of 
larger particles was also detected. Cam speed, flow rate, 
and catheter size had significant effects on MPS. These 
results may be particularly important for future use of KC 
in coronary arteries. 


Coronary angioplasty of chronic total occlusions 
and tortuous vessels 


B T Meany, Jennie Metcalfe, S Thomas, C Bucknall, 
D E Jewitt 
Cardiac Department, King's College Hospital, London 


' Pércutaneous transluminal coronary angioplasty of chronic 


total occlusions or tortuous vessels has been attempted 
using a balloon on a wire dilatation catheter system 
(Buchbinder-Versiflex) designed so that the distal tip of the 
wire can be rotated and flexed through a control on the 
proximal end of the catheter, potentially allowing extra 
wire tip control. This is combined with a low profile (0-034 
inches for the 2-0 mm diameter catheter). In 57 of 925 
consecutive angioplasty procedures this system was used, 
15 in the left anterior descending, 15 in the circumflex, and 
27 in the right coronary arteries. Lesions were classified as 
total occlusions (TIMI 0 or 1) of duration less than three 
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months (21) or greater than three months (22), distal or 
difficult access due to tortuosity or acute angulation (eight) 
or acute occlusions after angioplasty (six). The system was 
used as first choice in 20 lesions and as either a second or 
third line system in the remainder. The success rate, 
defined as crossed, dilated with residual stenosis less than 
509,, was 74% compared with an overall success rate of 
92%. The success rate was higher in occlusions less than 
three months! duration (8095) compared with those greater 
than three months (64%). The system was successful in 
five lesions considered to be complex owing to severe tor- 
tuosity, acute angulation, or their distal nature. Six acute 
occlusions after angioplasty were successfully crossed 
when standard systems could not be reintroduced, four 
with sustained patency. Overall mortality was 0:595, and 
two patients proceeded to urgent bypass surgery, all after 
acute occlusions with another system. The main disadvan- 
tages of the system are that it is not exchangeable over a 
guide wire and that the lesion needs to be recrossed to 
introduce a larger balloon. There is also no distal port for 
contrast injection to exclude a false channel, which 
occurred in three cases. 

This system is an important adjunct to conventional 
“over the wire" or monorail systems. It is suitable as a first 
line approach to acute or chronic total occlusions and as a 
second line system for tortuous or angulated vessels not 
amenable to crossing with a conventional system and for 
acute occlusions occurring during angioplasty. 


Delay to invasive investigation and 
revascularisation in coronary heart disease in South 
West Thames: cause for concern? 


M S Marber, C A MacRae, M Joy 
St Peter's Hospital, Chertsey, Surrey 


The accessibility of invasive investigation and.revasculari- . 


sation procedures to the population of North West Surrey 
health district in South West Thames region was audited 
over the 10 years 1979-88. The mean catchment popu- 
lation during the period was 205 000, and cross boundary 
flow was balanced. Waiting time to investigation/ 
intervention by the regional cardiac centre was compared 
with that of the private sector. Deaths of patients on the 
waiting list for investigation/operation were recorded. The 
regional centre favoured in the first five years was St 
Thomas's Hospital, Lambeth, and in the second five years 
St George's Hospital, Tooting. A total of 823 patients aged 
34—80 were referred for investigation of ischaemic heart 
disease (including 15 with. concomitant valvar heart 
disease), 204 to the private sector. After some initial 
vacillation the mean waiting time for coronary angiography 
after referral increased from 68-2 (SE 6-85) days (range 23 
to 153 days, n = 42) in 1984 to 114:3 (12-1) days (range 22 
to — 430 days, n = 98) in 1988 in the public sector, but 
remained unchanged over 10 years in the private sector, at 
15-8 (0-16 days (range 1 to 62 days, n = 204). Mean waiting 
time to elective surgery in the public sector increased from 
107 9 (15-4) days (range 12 to 240 days, n — 26) in 1984 to 
> 274-8 (24-2) days (range 22 to.» 508, n = > 60) in 1988, 
but the waiting time for emergency angiography remained 
static at 4-7 (0:07) days (range 0-to 24 days, n = 132) over 
10 years and for surgery 26 1 (1:02) days (range 0 to > 400 
days, n — 102). In the private sector the overall waiting 
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time to angiography was 15 8 (0-16) days (range 1 to 62 
days, n — 204) and for surgery 22:8 (0:52) (range 2 to 152 
days, n = 124), both taken over 10 years. There were 15 
cardiac deaths in patients with ischaemic heart disease 
alone, all of whom were on the public sector routine 
waiting lists for catheterisation and surgery. This exceeded 
the overall surgical mortality (1-495). Fifty three (8-695) 
patients on the public sector waiting list for surgery waited 
for longer than a year and required reinvestigation, 36 in 
1987-8. 

Prolonged waiting times to investigation and surgery in 
the public sector reflect underprovision of service which 
seems to be worsening in South West Thames region. This 
exposes these patients to unfair and unjustifiable risks in 
terms of morbidity and mortality. 


Changes in practice of cardiopulmonary 
resuscitation have not affected outcome 


R D Levy, W E Rhoden, K Shearer, E Varley, N H Brooks 
Regional Cardiothoracic Unit, Wythenshawe Hospital, 
Manchester 


The United Kingdom Resuscitation Council has modified 
the guidelines for drug usage in patients with asystolic 
cardiac arrest. Atropine is recommended as the drug of first 
choice, calcium is no longer recommended, and sodium 
bicarbonate should be reserved for patients in whom an 
acidosis had been reported. We audited the asystolic 
cardiac arrests for 1982 (n = 55), 1986 (n = 67), and 1988 
(n = 57) that occurred outside the cardiac care unit (CCU). 
Atropine use increased, from 29% to 52% to 61% over the 
six years. Bicarbonate use did not change from 1982 (74%) 
to 1986 (74%) but fell in 1988 (35%). Calcium use was 
similar to that of bicarbonate in 1982 (73%) and 1986 
(619,5 and fell in 1988 (2495). Adrenaline use has remained 
unchanged at-72%, 63%, and 65% over the same period. 
Survival from asystolic arrests (hospital discharge) has 
remained unchanged at 5:4% (1982) v 3-094 (1986) v 3:5% 
(1988) QNS). We also audited the total cardiac arrests (not 
in CCU) for 1982 (n = 120), 1986 (n = 153), and 1988 
(n = 150). Of these, 11:695, 7-295, and 8% (NS) were dis- 
charged from hospital. Drug usage for all arrests for the 
three respective years were: bicarbonate 67-595, 71-295, 
and 28%; calcium 59-295, 58-195, and 16-995; adrenaline 
508%, 76:495, and 44%; atropine 15-895, 55%, and 
51:895; and lignocaine 133%, 35.395, and 21:994. 
Asystole as a primary event in the CCU was uncommon, 
occurring in 13 of 956 (1:36%) patients with a myocardial 
infarction between 1986 and 1988. Seven patients had 
received atropine as the first drug, and six had attempted 
emergency pacing. No patient survived to be discharged 
home. Over the same period there were 43 cardiac arrests 
in CCU due to ventricular fibrillation (VF), 11 patients 
having had an anterior myocardial infarction and 12 an 
inferior one. Of those with VF, 67% were discharged from 
hospital, with 48.895 known to be alive six months 
subsequently. 

Although the United Kingdom Resuscitation Council 
guidelines for the management of asystole are becoming 
assimilated by the resuscitation teams, changing drug 
usage has not affected outcome. This audit also shows that 
survival from cardiac arrest has remained constant from 
1982 to 1988. 
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Aspects of psychological and social morbidity in 
patients awaiting coronary artery bypass grafting 


M ] Underwood, D Jehu, R K Firmin 
Groby Road Hospital, Leicester 


This study was designed to assess aspects of anxiety, 
depression, and social adjustment in patients awaiting 
coronary artery surgery. Patients on the waiting list for 
routine surgery were sent a series of questionnaires 
designed for this purpose. One hundred and nine question- 
naires were sent, and 68 (62%) were returned. Anxiety and 
depression were assessed with the hospital anxiety and 
depression (HAD) scale. Social functioning was assessed 
by means of several nine point rating scales, on which the 
patients were asked to indicate the extent to which their 
work, family relationships, social activities, private leisure 
activities, and home management were impaired. Patients 
were also asked to indicate their present severity of clinical 
cardiac symptoms with the New York Heart Association's 
classification. On the HAD scale 19 (28%) of patients 
scored in the clinically significant range for anxiety. Time 
on the waiting list was positively and significantly related 
to anxiety (p = 0-05). Thirty two (47%) of patients scored 
in the clinically significant range for depression. Time on 
the waiting list was positively and very significantly related 
to depression (p — 0:005). Positive and significant relations 
were found between time on the waiting list and 
impairment of work (p « 0-0001), family relationships 
(p < 0:0001), private leisure activities (p < 0-0001), and 
social activities (p = 0-004). No relation was found 
between any of the above variables and severity of clinical 
symptoms. 

This study highlights the social and psychological 
consequences of the long waiting lists for coronary artery 


bypass grafting in this country. 


Heartstart Scotland: initial experience of a 
nationwide scheme for out of hospital defibrillation 
by ambulance crews 


S M Cobbe, M J Redmond, J Hollingworth, 

D ] Carrington 

Department of Medical Cardiology, Royal Infirmary, 
Glasgow, and Fife, Lothian and Borders Area, Scottish 
Ambulance Service, Edinburgh 


Widespread provision of out of hospital defibrillation in 
Britain has been limited by the rate at which ambulance 
crews can undergo extended training, including tuition, in 
recognition of electrocardiograms. We attempted an alter- 
native approach in the Scottish Ambulance Service, 


training ambulance crews in basic life support.and in the. - 


use of a semiautomatic defibrillator (Laerdal 2000). 
Between 1 October 1988 and 30 September 1989, 96% of 
the 2000 vehicle crews completed an eight hour training 
programme. À total of 268 defibrillators were purchased by 
public subscription during the study period, resulting in a 
cumulative availability of 5548 defibrillator weeks. During 
this period crews equipped with defibrillators recorded 
data on 1111 cardiac arrests, in which defibrillation was 
undertaken in 602 (54%). Data on outcome were obtained 
for all 602 patients from the receiving hospital; 180 patients 
(29-997) reached hospital with a spontaneous pulse, and 75 
(12.594) were discharged alive. Extrapolation to the 
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Scottish Ambulance Service's total of 395 ambulances 
would yield a hospital discharge rate of 278 a year. 

Pre-hospital defibrillation with semiautomatic defibril- 
lators is feasible and can be introduced rapidly owing to the 
limited staff training requirements. 


Interpretation of electrocardiograms in the 
accident and emergency department 


W A McCallion, P A Templeton, L A McKinney, 
J D S Higginson 
Ulster Hospital, Dundonald, Belfast, Northern Ireland 


To determine the accuracy with which casualty officers 
interpret electrocardiograms (ECGs) in patients 
presenting to the accident and emergency department with 
anterior chest pain we conducted a prospective double 
blind study in which casualty officers’ interpretation of 
electrocardiograms was compared with that of a consultant 
cardiologist. Three hundred and fourteen consecutive 
patients attending the department with anterior chest pain 
over a two month period were studied with respect to the 
percentage of attenders who complained of anterior chest 
pain, the accuracy with which the casualty officers 
interpreted normal and abnormal ECGs, and the rate of 
inappropriate management. Of all those attending the 
accident and emergency department, 4% presented with 
chest pain; 90% of normal ECGs were correctly inter- 
preted by casualty officers and 43% of abnormal ECGs 
were incorrectly interpreted by casualty officers; and 
96 5% of patients with-chest pain were managed correctly 
in casualty. 

Senior house officers in the accident and emergency 
department, although good at identifying the presence of 
an abnormality of an ECG, are less good at defining the 
nature of the abnormality. This may result in inappropriate 
management of some patients. Audit of all ECGs should be 
undertaken by someone with experience of their inter- 
pretation. New accident and emergency staff should 
receive training in the interpretation of ECGs. 


Invasive cardiological assessment and intervention: 
an audit of health district activity 


C A MacRae, Charlotte Keywood, M S Marber, M Joy 
St Peter's Hospital, Chertsey, Surrey 


The requirement for invasive cardiological assessment and 
intervention in a defined health district in South West 
Thames region was studied prospectively over the 10 years 
from 1979 to 1988. The mean population was 205 000 and 
cross boundary- flow of referrals was balanced; private 
patients were included. A total of 1000 catheterisation 
procedures were performed, 823 for coronary artery 
disease and 177 for valvar heart disease (VHD). Sub- 
sequently 497 patients underwent coronary artery bypass 
grafting (CABG) and 140 patients valvar surgery with or 
without CABG. With the exception of 1984, growth in the 
need for investigation of coronary artery disease and 
revascularisation has been continuous. Thus whereas the 
10 year mean district requirement for coronary angio- 
graphy was 401 procedures/million population/year the 
1988 requirement was twice that (848). Likewise, whereas 
the 10 year mean requirement for bypass grafting was 242 
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operations/million population/year the figure for 1988 was 
395 (estimated). Valvar investigation and surgery showed 
little change over the period; 18 (SE 1:9) patients were 
investigated annually, and 14:3 (1:3) underwent surgery. 
Figures/million  population/year are 88 and 70 
respectively. . 

North West Surrey has a standardised mortality ratio 
(SMR) of 0-78 for ischaemic heart disease and of 1-0 for 
VHD. Extrapolation towards the current national need 
for invasive investigation seems to approach 1200 
procedures/million population/year. The extrapolated 
current need for coronary artery surgery approaches 500 
operations/million population/year. As the mean age of the 
population of the district is lower than the national average 
the predictions for valvar heart disease may be skewed. 
The national target for 1990 for CABG is 300 
operations/million/year. 


Comparative study of left ventricular structure 
and function in elite athletes 


N McFarlane, D B Northridge, A R Wright, 
H J Dargie 
Western Infirmary, Glasgow 


Adaptations to left ventricular (LV) structure and function 

in athletes seems to be dependent on the type, intensity, 
and duration of exercise training. We therefore studied two 
clearly defined groups of elite athletes by M mode and 
Doppler echocardiography, with a group of sedentary sub- 
jects as controls. All groups were age and sex matched. 
Group 1 comprised 10 elite endurance athletes with mean 
maximal oxygen consumption (Vo,max) 747 (SD 4-8) 
ml/kg/minute. Group 2 comprised 10 elite weightlifters 
with mean maximal Vomax 45-3 (6 6). Group 3 comprised 
10 sedentary individuals with Vomax 44-5 (7-0). Left ven- 
tricular end diastolic dimension was significantly higher in 
group one (5-72 (0-23)) than in group 2 or 3 (5-29 (0-29), 
5:19 (0-31) respectively, p « 0-001). Left ventricular mass 
index was significantly higher in groups 1 and 2 (156-4 
(19-8), 138-6 (24-1) respectively) than in group 3 (104-1 
(10:5), p< 0001). Percentage fractional shortening was 
used as an index of systolic function, and no significant 
difference was found between the groups. Doppler E/A 
ratio was taken as an index of diastolic function and was 
significantly raised in group 1 at rest (3:37 (0-81)) com- 
pared with groups 2 and 3 (2:12 (0-76), 1-99 (0-34) 
respectively, p « 0-003). On exercise the E/A ratio in 
group 1 was significantly higher than in group 3 (1:95 
(0 48) and 1:23 (0-16), p « 0-001) and tended to be higher 
than in group 2 (1-68 (0:49), NS). 

These data show that both modes of intense training 
produce left ventricular hypertrophy. Diastolic function is 
enhanced in the endurance trained athletes but not in the 
weightlifters. 


Myocardial flow and function in microvascular 
angina 


Ann Tweddel, W Martin, I Hutton 
Department of Medical Cardiology, Royal Infirmary, 
Glasgow 


Patients who have typical anginal chest pain but who have 
angiographically normal coronary vessels present a major 
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clinical problem. Ten patients, three male and seven 
female, with typical exertional angina and abnormal exer- 
cise thallium scans underwent angiography and were found 
to have entirely normal vessels with no evidence of coro- 
nary artery spasm. Myocardial flow was assessed using 
xenon washout. Xenon was injected into the coronary 
artery under direct vision, and scans were obtained with a 
mobile gammacamera fitted with a biplane collimator. Dis- 
tribution within the myocardium was assessed, and flow 
was calculated from washout curves using peak to 30 sec- 
onds and applying the Kety formula. At rest right coronary 
artery and left coronary artery distribution and flows were 
within normal limits; RC flow 55 5 (8-8), left anterior 
descending 66-6 (11:3), and circumflex 62-3 (9-9) mi/100 
g/minute. With atrial pacing to a heart rate similar to that 
achieved during exercise, chest pain occurred in all 
patients. Distribution volume fell in at least one coronary 
distribution in all patients, and this was associated with 
reduced coronary flow by a mean of 28:6 (9-8)9/, (p < 0-05). 
By gating the scans to the electrocardiogram and recon- 
structing list mode data into a representative cardiac cycle, 
wall motion can be obtained from the same data that pro- 
duced the washout curves. Areas of reduced distribution 
and flow were associated with reduced wall motion in all 10 
patients. 

These results suggest that in these patients a combina- 
tion of reduced myocardial flow and associated wall motion 
abnormalities constitutes an ischaemic response, pre- 
sumably at the microvascular level. 


Interaction between cycle length and ventricular 
loading conditions on repolarisation 


P Taggart. P M I Sutton, R John, M J Lab, 

R H Swanton 

Middlesex Hospital, London, and University College 
London 


Alteration in the normal time sequence of ventricular 
repolarisation encourages arrhythmia formation. There is 
evidence that the timing of ventricular repolarisation is not 
only dependent on cycle length (restitution process) but 
also on loading conditions (contraction-excitation feed- 
back). This study aimed at examining a possible interaction 
between the two by comparing the timing of repolarisation 
of premature beats (cycle length 350 mseconds) with that 
of paced steady state beats (cycle length 700-850 
mseconds) under altered conditions of ventricular loading. 
We recorded monophasic action potentials from the left 
ventricular endocardium as a measure of the time course of 
repolarisation with a catheter that incorporates a micro- 
manometer sensor for recording ventricular pressure. The 
Valsalva manoeuvre was employed to alter ventricular 
loading whereby forced expiration impedes venous return 
and peak systolic pressure falls. Our observations were 
made during the early part of the Valsalva manoeuvre, 
before significant autonomic effects occur. Steady state 
atrial pacing was established. An early beat of cycle length 
350 mseconds was interposed during a steady state pacing 
train before the start of the procedure and again during the 
low pressure phase. Peak systolic pressure for the steady 
state beats fell from 134 (SD 23) to 97 (30) mm Hg and for 
the early beats from 97 (23) to 66 (28) mm Hg. Under 
control conditions before the Valsalva manoeuvre 
monophasic action potential duration as measured at 90% 
repolarisation was shorter in the premature beats than in 


Proceedings of the British Cardiac Society 


the control beats by 9 mseconds (298 (17) v 289 (13) 
mseconds). During the Valsalva manoeuvre at the lower 
pressures monophasic action potential duration was 
shorter in the premature beats than the preceding beats by 
22 mseconds (303 (14) v 281 (20) mseconds). 

Our results show that changes in ventricular loading 
alter the normal differences in repolarisation in response to 
an abrupt shortening in cycle length. These findings may 
be important in the genesis of arrhythmias initiated partic- 
ularly by premature beats. 


Postprandial hypotension and splanchnic vaso- 
dilatation are prevented by octreotide in patients 
with primary autonomic failure 


J S Kooner, W S Peart, R Bannister, C J Mathias 
Cardiology Unit, Department of Medicine, St Mary’s 
Hospital, London, and Institute of Neurology, London 


We studied the haemodynamic responses to a liquid meal 
in eight patients with primary autonomic failure before and 
after octreotide (SMS 201-995), which inhibits the release 
of gastrointestinal peptides. Subjects were studied while 
supine, in a temperature controlled laboratory (23 (1)°C), 
after a 12 hour fast. Saline placebo (0:5 ml) or octreotide 
(50 ug) was injected subcutaneously 30 minutes before a 
balanced liquid meal (66 g carbohydrate, 22 g fat, and 18 g 
protein), and measurements were made for 60 minutes. 
Blood pressure (BP) heart rate (HR) (Sentron), cardiac 
index (CI, assessed with continuous wave Doppler ultra- 
sound (Exerdop)), forearm blood flow (FBF, assessed with 
strain gauge plethysmography), digital skin microvascular 
flow (LDF, assessed with laser Doppler flowmetry 
(Periflux, PF2b)) were measured non-invasively. Superior 
mesenteric artery blood flow (SMABF) was measured by a 
real time sector scanner and pulsed Doppler flowmeter 
(Ultramark 8 ATL). After placebo and the meal mean arte- 
ral pressure (MAP) fell (122 (8) to 99 (9) mm Hg, 
p«005) SMABF rose (0:41 (0-05) to 0:743 (0-148) 
l/minute, p « 0-05) and superior mesenteric artery vascu- 
lar resistance (SMAVR) fell (371 (94) to 167 (33) units, 
p < 005). There were no other haemodynamic changes. 
After octreotide there was a transient rise in MAP (118 (6) 
to 135 (8) mm Hg, p < 0-05). SMABF fell (0-497 (0-03) to 
0 40 (0-03) I/minute, p < 0-05) and SMAVR rose (240 (19) 
to 370 (26) units, p < 0-05). There was no change in HR, 
CI, FBF, and LDF. After octreotide, ingestion of food did 
not change MAP (127 (7) to 125 (9) mm Hg), SMABF 
(0 373 (0 04) to 0 323 (0-04) I/minute), SMAVR (352 (19) 
to 386 (31)), or other haemodynamuc variables. 


We conclude that in patients with autonomic failure . 


ingestion of food increases SMABF and reduces SMAVR, 
which probably contributes to the fall in BP, especially as 
there is no compensatory rise in HR, CI, and FVR, as 
observed in normal subjects. Octreotide prevents superior 
mesenteric artery vasodilatation and postprandial hypo- 
tension, probably through inhibiting the release of vaso- 
dilatory gastrointestinal peptides. 


Changes in ultrafilterable and non-filterable 
'serum magnesium concentrations after acute 
myocardial infarction 


A S Hall, I R Gunn 
Department of Cardiovascular Studies, University of 
Leeds, Leeds 
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To describe changes occurring in the free and protein 
bound plasma magnesium concentrations after acute myo- 
cardial infarction, 30 patients admitted with a diagnosis of 
suspected acute myocardial infarction (AMI) had serum 
total magnesium (TMg) and ultrafilterable magnesium 
(UfMg) concentrations estimated on five separate occa- 
sions over two days. Fourteen patients were subsequently 
shown to have had an AMI whereas the remaining 16 with 
an alternative diagnosis formed a control group. At the 
time of admission mean (SE) TMg concentration was 
0-853 (0-025) mmol/l in the control group and 0-774 (0-018) 
in the infarct group, representing a deficit of 9-269, 
(p < 0:02). Mean UfMg concentration at admission was 
0-638 (0 019) mmol/l in the control group and 0:585 (0-014) 
mmol/l in the infarct group, a deficit of 8:319; (p < 0 05). 
Mean non-filterable magnesium (NfMg) concentration 
was 11 68% lower in the infarct group, though this 
difference was not significant (p < 0-10). In patients with 
AMI mean TMg concentration rose by 0-072 mmol/l 
(9-395; p « 0 02) and NfMg concentration by 0:02 mmol/l 
(10:695; p « 005) over the first 48 hours while no 
significant change in UfMg concentration was noted. In 
contrast, TMg concentration fell by 0-044 nmol/l (5:295; 
p«002)in the control group with no change in UfMg and 
NfMg concentrations being observed. Mean venous H* 
concentration fell by 695, from 48-8 (1 31) nmol/l to 4-10 
(0-86) nmol/l in patients with AMI. This change showed a 
significant negative correlation with the observed increase 
of mean NfMg concentration (R = 0 903; p < 0-05). 

In contrast to the previously reported changes occurring 
in TMg concentration after AMI, we found that the phys- 
iologicall active ultrafilterable magnesium component 
remains stable during the early postinfarct period. Our 
data additionally suggest that displacement of Mg?* from 
its protein binding sites, by H *, may be important in pro- 
ducing buffering of UfMg. 


Platelet activating factor antagonist protects the 
heart from arrhythmias and limits the extent of 
myocardial] infarction during early ischaemia 


S Chakrabarty, P Thomas, D J Sheridan 
Academic Cardiology Unit, St Mary's Hospital Medical 
School, London 


There is increasing evidence that platelet activation aggra- 
vates the effects of coronary artery occlusion (CAO). To 
investigate this we examined the effects of inhibition of 
platelet activating factor (PAF) during 30 minutes’ CAO in 
the rabbit on haemodynamics, infarct size, and arrhyth- 
mias. Infarct size was measured in four left ventricular 
(LV) sections of equal thickness and was expressed as per- 
centage zone at risk (obtained in 10 separate hearts after 90 
minutes CAO). In the control group (n = 10) CAO pro- 
duced an immediate decrease in arterial pressure (100 (2) 
mm Hg to 91 (3) mm Hg, p « 0-01) while heart rate (HR) 
remained unchanged (NS) and half developed ventricular 
fibrillation (VF). The extent of infarction in each section 
was 52 (2)%, 54 (2)%, 44 (2)%, and 35 (2)% from base to 
apex and 46% of total LV. After pretreatment with the 
PAF antagonist BN 50739, 10 mg/kg intravenously 
(n = 10), CAO produced little change in arterial pressure 
(93 (3) mm Hg to 86 (5) mm Hg) and HR (both NS), and 
a fifth developed VF. The extent of infarction was 
significantly reduced in each section (36 (1)%, 43 (2)%, 32 
(1)%, and 26 (1)% from base to apex and 34% of total LV 
(p < 0-001 v untreated group). 
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These results indicate that use of a PAF antagonist can 
attenuate the extent of myocardial necrosis and the inci- 
dence of ventricular arrhythmias during early stages of 
acute myocardial infarction. 


Differential expression of ventricular 
proto-oncogenes in three models of cardiac 
hypertrophy 


M D Gammage, N K Green, D H MacIver, 

A M Heagerty, J A Franklyn 

Department of Cardiovascular Medicine, University of 
Birmingham, Birmingham, and Department of Medi- 
cine, University of Leicester, Leicester 


Various stimuli, including pressure and volume overload, 
result in cardiac hypertrophy. To investigate the role of 
proto-oncogene products in signal transduction in myo- 
cardial growth we compared hypertrophy in three rat mod- 
els with changes in ventricular H-ras, c-myc and c-fos 
messenger (m) RNAs measured by hybridisation to 
specific complementary (c) DNAs. Left ventricular (LV) 
pressure overload induced by aortic constriction increased 
heart weight and LV proto-oncogene mRNAs at three days 
compared with controls (H-ras 1:5 (0:2) v 0-6 (0-2) optical 
density (OD) units/total mRNA, p < 0:01; c-myc 1-3 (0:2) 
v 1:0 (0-1), p < 0:05; c-fos 2:9 (0:5) v 1:0 (0-1), p < 0-05; 
mean (SE), n — 8). In genetically hypertensive rats, despite 
established hypertrophy, no changes in LV mRNAs were 
found at five or 12 weeks, but right ventricular (RV) 
mRNAs were reduced compared with controls (H-ras five 
weeks, 0-14 (0-07) v 0-96 (0-04), p « 0:01 and 12 weeks 0-03 
(0-01) v 0-22 (0-04), p « 0-01; c-myc five weeks 0-29 (0-12) 
- v. 0-97 (0-04), p < 0-01 and .12 weeks 0-06 (0-007) v 0-22 
(0-03, p < 001; n = 8), suggesting reduced RV load. 
‘Marked LV and RV hypertrophy resulting from thyroid 
hormone treatment (triiodothyronine 50 pg daily for 14 


' - days) was associated with increased LV c-fos (0-63 (0-1) v. - 


0-33 (0-08), p < 0:05) and RV myc and fos (c-myc 0:95 
(0-09) v 0-43 (0-13), p < 0:01; c-fos 0-8 (0-04) v 0-32 (0-03), 
p«001, (n —8) consistent with‘continuing changes in 
LV and RV volume load. 

Cardiac refashioning is associated with different effects 
-ron pretranslational expression of specific proto-oncogenes 
in the left ventricle and right ventricle, while established 
hypertrophy can be found without maintained proto- 
oncogene stimulation. These findings provide insight into 
the mechanisms of cardiac growth and potential for 
controlling the hypertrophic process in disease states such 
as hypertension. 


Effects of captopril on arrhythmias and cellular 
electrophysiology during low flow ischaemia and 
reperfusion 


S J Winterton, D J Sheridan 
Academic Cardiology Unit, St Mary’s Hospital Medical 
School, London 


Treatment with captopril reduces the ventricular ar- 
rhythmias recorded from patients with severe heart failure 
and is associated with improved mortality. To investigate 
the cellular electrophysiological (CEP) effects of captopril 
we studied isolated guinea pig hearts paced at 3-3 Hz and 
perfused at 32?C with oxygenated Krebs solution contain- 
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ing captopril: group 1 (n = 6) 10^ * mol/l, group 2 (n = 7) 
1075 mol/l, group 3 (n = 6) 107? mol/l, and untreated 
controls (n = 7). After 20 minutes perfusion at 7 ml/minute 
there were no differences in perfusion pressure. During 
ischaemia (flow reduced to 10% for 30 minutes) ventricular 
tachycarcia or ventricular fibrillation occurred in: 4/7 con- 
trols, 1/6 group 1, 1/7 group 2, and 0/6 group 3. Reper- 
fusion (low returned to 7 ml/minute for 15 minutes) 
ventricular tachycardia or ventricular fibrillation occurred 
in 6/7 controls but in none of the treated hearts. There were 
no resting differences in CEP effects between right ventri- 
cle (RV) and left ventricle (LV). Captopril had no detected 
effect on baseline CEP recordings, using floating micro- 
electrodes, but attenuated the ischaemia induced 
shortening of: (a) action potential duration (APD)—for 
example, RV APD,, (mseconds) at 20 minutes: group 2, 
123 (6) (p < 0-05); group 3, 107 (3); control, 104 (4); and at 
30 minutes: group 2, 111 (3) (p < 0-01); group 3, 101 (3); 
control, 91 (4); LV APD,, (mseconds) at 20 minutes: group 
2, 112 (4) (p « 0-02); group 3, 99 (2); control 97, (3); and at 
30 minutes: group 2, 103 (4) (p < 0-02); group 3, 94 (4); 
control, 92 (1); and (5) refractory period (msecond)—for 
example, at 15 minutes: group 2, 123 (2) (p « 0-001); group 
3, 119 (3); control, 114 (4); and at 30 minutes: group 2, 112 
(4); group 3, 112 (3) (p < 0 055; and control, 104 (1). All 
groups recovered to normal on reperfusion. 

These results suggest there is a dose dependent cellular 
electrophysiological basis to the antiarrhythmic action of 
captopril. 


Do monounsaturated fatty acids have a role in 
restenosis after coronary angioplasty? 


B Foley, Kate Younger, D Foley, A Kinsella, G Gearty, 
M Gibney, P Crean, M Walsh 

Departments of Cardiology and Nutrition, Trinity 
College Dublin, Medical School Building, St James's 
Hospital, Dublin, Republic of Ireland 


Recent work has suggested that a diet enriched with fish 
oils may reduce restenosis after coronary angioplasty. The 
object of this study was to determine whether there was any 
association between the long term intake of fatty acids, as 
reflected by the fatty acid composition of subcutaneous fat, 
and restenosis after percutaneous transluminal coronary 
angiopathy. Eighty two patients who had undergone 
successful single vessel angioplasty were studied. All 


= underwent angiographic follow up. The fatty acid 


composition of the subcutaneous fat was determined by gas 
liquid chromatography. Restenosis occurred in 37 (48%). 
The concentrations of the monounsaturated fatty acids 
were lower in those who had restenosis. The percentage of 
palmitoleic acid was 5-8 (2:28)% in those who had 
restenosis, and 7-1 (2:-44)% in those who did not 
(p < 0-001). The percentage of oleic acid was 41-0 (3:3)% 
in those who had restenosis and 42:5 (4-18)% in those who 
did not (p = 0-08). The percentage of the saturated fatty 
acid palmitic acid was increased in those who had 
restenosis compared with those who did not (24-7 (2:92)% 
and 23-7 (2-23)% respectively, p = 0-06). There were no 
other differences in the subcutaneous fatty acid 
composition of the two groups. 

These results lend support to the recent suggestion that 
monounsaturated fatty acids may have a protective role in 
relation to the development of coronary arterial disease. 
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Antiarrhythmic benefits of left ventricular preload 
reduction 


D S Coulshed, J C Cowan 
Department of Cardiovascular Studies, University of 
Leeds, Leeds 


Ventricular stretch may play an important part in ar- 
rhythmogenesis in heart failure. Though stretch is known 
to influence action potential duration in isolated muscle 
strips, it remains uncertain whether haemodynamic 
changes in the whole heart can influence action potential 
duration. We studied the effects of left ventricular pressure 
changes 1n an isolated working heart preparation. Guinea 
pig hearts (n — 23) were perfused via the left atrium, eject- 
ing against an aortic afterload. Left ventricular diastolic 
and systolic pressures were varied independently. Intra- 
cellular potentials were recorded from the epicardium of 
the left ventricle with floating microelectrodes. An increase 
in left ventricular end diastolic pressure from 2-2 to 8:2 
mm Hg, at constant systolic pressure, shortened action 
potential duration by 10:2 (SE 2:1) mseconds (p « 0:001). 
After a change in pressure action potential duration 
reached a new steady state after 30 seconds. Changes were 
fully reversible. Increase in left ventricular peak systolic 
pressure from 60 mmHg to 100 mm Hg, at constant 
diastolic pressure, caused a lesser degree of shortening of 
action potential (2:7 (0.6) mseconds, p < 0-002). The 
gradients of the regression lines relating the shortening 
of action potential duration to the increase in end 
diastolic pressure and peak systolic pressure were 
--1 70 mseconds/mm Hg and —0-07 mseconds/mm Hg 
respectively. 

Our findings show that changes in whole heart haemo- 
dynamic variables do influence action potential duration. 
They show a mechanism whereby changes in ventricular 
stretch may contribute to arrhythmogenesis in heart failure 
and suggest that preload reduction is more likely to prevent 
arrhythmias that afterload reduction. 


Characterisation of the calcium release channel 
from human cardiac sarcoplasmic reticulum 


S R M Holmberg, P A Poole- Wilson, M H Yacoub, 
A J Williams 
National Heart and Lung Institute, London 


Release of calcium from the sarcoplasmic reticulum (SR) 
is central to excitation-contraction coupling in the 
mammalian heart and is controlled by the gating of a 
specific ion channel. The purpose of this study was to 
characterise the calcium released channel from human 
tissue by incorporating junctional SR vesicles into artificial 
planar phospholipid bilayers and recording their conduc- 
tivity under voltage-clamp conditions. An additional 
objective was to investigate the possibility that the altered 
function of these channels contributes to the impairment of 
SR calcium release, previously reported in humans with 
end stage cardiac failure. Tissue was obtained from the 
explanted hearts of six patients (three with coronary 
disease and previous infarction and three with normal 
coronary arteries) undergoing transplantation for refrac- 
tory cardiac failure, and preparations enriched with junc- 
tional SR membrane vesicles were isolated. A calcium 
channel was identified with a conductance of 101pS in 67 
mM Ca?*. Gating was modulated by alterations to the 
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medium at the cytosolic face of the channel. Elevation of 
the Ca?* concentration across the range 0-1-100 pM 
increased channel opening, as did the addition of milli- 
molar ATP or caffeine. Millimolar magnesium or micro- 
molar ruthenium red reduced channel opening. The plant 
alkaloid ryanodine bound irreversibly to the channel to 
produce a fixed open state with a reduced conductance 
(about 40%) relative to the unblocked open state. The 
ryanodine sensitive channel identified in this study has 
properties consistent with a role in excitation-contraction 
coupling through a process of calcium induced calcium 
release and is similar to equivalent channels from normal 
animal tissue. 

We conclude that alterations to the properties of single 
calcium release channels do not seem to contribute to the 
abnormalities of SR function observed in heart failure. 


Effect of low dose fish oil supplements on 
contraction and relaxation in the resistance artery 


D C MacLeod, T S Lawal, S J Bund, R A Riemersma, 
A M Heagerty 

Cardiovascular Research Unit, University of Edinburgh, 
Edinburgh 


There are conflicting reports on the effects of fish oil in 
hypertension and ischaemic heart disease. To date, animal 
studies have tended to use high doses of fish oil of little 
relevance to the amounts recommended in humans. 
Accordingly, we examined the effect of low dose (0-49, of 
total dietary calories) fish oil supplementation of a 40%, 
mainly saturated, fat diet (typical of Scottish eating habits) 
on a, adrenoceptor stimulated contractile function in 
resistance arteries. Two groups (n = 10) of male Sprague- 
Dawley rats were fed for eight weeks, one group receiving 
fish oil daily. This dose of fish oil significantly increases 
tissue phospholipid eicosapentaenoic acid concentration 
(138-8 (21:0) v 242 (65) ug/g, p<0-01). Femoral 
resistance arteries were dissected and mounted as rings in 
a myograph. Rats in the fish oil group showed highly 
significant increases in sensitivity to noradrenaline (esti- 
mated doses) 222 v 42 x 1077M, p < 0-001) in the 
presence of 107? M timolol and 10^" M yohimbine. 
Acetylcholine induced relaxation of preconstricted arteries 
was also significantly enhanced in the fish oil group 
(maximum relaxation 36% v 27%, p « 0-05). 

These data indicate that fish oil can effect both 
contractile and relaxing functions of resistance arteries in 


. doses comparable to those given to humans. 


Perception of angina in diabetes: relation to somatic 
pain threshold 


V Umachandran, K Ranjadayalan, P G Kopelman, 

A D Timmis 

Newham General Hospital, London, and London Chest 
Hospital 


Patients with silent myocardial ischaemia may have a 
generalised non-segmental hyposensitivity to pain. It is not 
known, however, whether more subtle alteration in the 
perception of angina, as measured by anginal perceptual 
threshold, also reflects generalised hyposensitivity to pain- 
ful stimuli. We exercised 45 patients (19 diabetic and 26 
non-diabetic) to measure anginal perceptual threshold (the 
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time from onset of 0-1 mV ST depression to onset of 
angina). Somatic pain threshold was measured by calf 
sphygmomanometry. The cuff was inflated rapidly until 
pain occurred, with .six repeat inflations to test 
reproducibility. Because there was no significant difference 
between measurements (coefficient of variation 0-16) the 
mean value in each patient provided a measure of somatic 
pain threshold. The median value for anginal perceptual 
threshold was higher in the diabetic patients with.a broader 
interquartile range (125 (100 to 163) v 12 (0 to 40) seconds, 
p < 0:01). In the diabetic group there was a significant 
linear relation between anginal perceptual threshold and 
somatic pain threshold (r = 0 5, p = 0-03), those patients 
with a higher somatic pain threshold having greater pro- 
longation of the anginal perceptual threshold. In the non- 
diabetic patients, however, the range of values was lower, 
and no relation could be shown between these variables. 

Thus, like patients with silent ischaemia, diabetic 
patients in whom the perception of angina is impaired have 
a generalised hyposensitivity to pain which, based on 
earlier observations, is caused at least in part by diabetic 
neuropathy. 


Electrocardiogram correlates of early coronary 
artery patency and myocardial perfusion after 
thrombolysis 


K J Hogg, A McKenzie, C A Howie, J D Gemmill, A P 
Rae, F G Dunn, W S Hillis 

Department of Medicine and Therapeutics, Stobhill 
Hospital, Glasgow 


An early fall in the ST segment is recognised in patients 
receiving thrombolytic treatment. The sensitivity and 
specificity of this fall in detecting reperfusion remain 
controversial and require further validation in a large 
patient group. One hundred and four patients (82 men, 22 
women, age range 31-69) with acute myocardial infarction 
of x6 hours! duration received thrombolytic treatment 
(anistreplase 30 mg (n-53), 1:5 MU streptokinase 
(n = 51)). Coronary angiography at 90 minutes showed a 
patent artery (TIMI 2,3) in 64 of the 104 (61:595) and 
occlusion (TIMI 0,1), in 40 (38-595). ‘Twelve lead electro- 
cardiograms (ECGs) were performed before and two and 
four hours after thrombolysis. Data from each ECG were 
digitised and the parameters stored on computer. Frac- 
tional change (FC) (95 fall in ST segments) was calculated 
for the single lead with maximal ST elevation and for ?'ST 
elevation across all leads. An FC value 20:5 calculated at 
two hours from a single lead was more sensitive in 
detecting reperfusion than FC, calculated from YST 
elevation (81% v 7595) and more specific (60% v 5595). All 
arteries performed well (FC, sensitivity and specificity 
respectively: left anterior descending 81-5945 and 55:595; 
right coronary, 81% and 67%; circumflex, 83% and 50%). 
Ten patients with an occluded artery at angiography had 
collateral supply to the distal infarct related artery and four 
of them had an FC 20 5, suggesting adequate perfusion of 
myocardium despite no anterograde reperfusion. ` 
An FC value 20:5 two hours after starting treatment 
calculated from a single lead suggests (re)perfused myo- 
cardium and is helpful in directing further treatment. 
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Cardiac reserve and prognosis in cardiogenic shock 


L B Tan, W A Littler 

Department of Cardiology, Killingbeck Hospital, Leeds, 
and Department of Cardiovascular Medicine, University 
of Birmingham, Birmingham 


The hypothesis that the prognosis in patients with cardio- 
genic shock is primarily dependent on cardiac pumping 
reserve was tested in a prospective study of consecutive 
patients with a clinical diagnosis of cardiogenic shock 
treated medically. Twenty eight patients were included, 
and their haemodynamic state was assessed with thermo- 
dilution Swan-Ganz catheters and arterial cannulas. The 
cardiac pumping reserve was evaluated by the response of 
the failimg heart to graded incremental] dobutamine 
infusion (2-5-40 ug/kg/minute) after optimising left ven- 
tricular preload. The patients were followed up for at least 
one year: 11 survived longer than one year, and the rest 
died within that period. The patients were indistinguish- 
able by clinical and basal haemodynamic criteria. When the 
responses to dobutamine stimulation were considered, 
however, clear separation of the cardiac reserve of 
survivors and non-survivors was obtained. All patients 
with limited reserve—that is, with peak stimulated cardiac 
power output of « 1-0 W or peak left ventricular stroke 
work index of «0 25 J.m~?—died, and all patients with 
values above both these levels were able to survive longer 
than the one year follow up. 

Thus this study showed that haemodynamic evaluation 
of cardiac reserve can provide objective criteria for predict- 
ing the prognosis of individual patients with cardiogenic 
shock. The availability of such a prognostic indicator will 
be invaluable in formulating management plans for these 
patients. 


Angiographic findings and prognosis in unstable 
angina associated with T wave inversion in anterior 
chest lezds 


R A Wright, A T Elder, A D Flapan, P Bloomfield, 

I R Starkey 

Departments of Cardiology, Royal Infirmary, and Western 
General Hospital, Edinburgh 


It has been proposed that the presence or development of 
deep symmetrical T wave inversion in the precordial leads 
in patients with unstable angina is indicative of critical 
reduction of flow in the left anterior descending (LAD) 
coronary artery. This has been associated with a poor short 
term prognosis, and therefore early investigation and 
revascularisation have been advocated. We report the 
angiographic appearances in 53 patients with this condition 
attending two centres. À very severe stenosis was found in 
the LAD artery in all except one patient; 62% had single 
vessel disease, 25% double vessel disease, and 11% triple 
vessel disease. One patient had an occlusion of the right 
coronary artery only. Urgent revascularisation of such 
patients has not been routinely practised at one centre. We 
have reviewed 26 patients admitted to the coronary care 
unit there between 1984 and 1989 with these clinical 
characteristics and electrocardiographic pattern (16 of 
whom had undergone coronary angiography) who were 
treated medically during their initial admission. Of these, 
13 were still alive and had not progressed to infarction 
(mean follow up 41 months). Seven patients had had 
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anterior myocardial infarction at a mean of 18 months (one 
of whom died). Six required elective revascularisation at a 
mean of six months (none within two months). 

We have confirmed that this electrocardiographic 
pattern is highly predictive of significant disease in the 
LAD artery. It is not clear whether urgent re- 
vascularisation should be routinely employed in the early 
management of these patients. 


Human a calcitonin gene related peptide improves 
exercise workload to ischaemia and dilates 
stenoses of the epicardial coronary artery 


N G Uren, G J Davies 
Hammersmith Hospital, London 


Six patients (aged 54-67) with effort angina and norma! left 
ventricular function received intravenous infusions of 
placebo and human « calcitonin gene related peptide 
(CGRP) (50 pmol/minute for 10 minutes) before and dur- 
ing treadmill exercise testing. Rate-pressure product 
(RPP) at 0-1 mV ST segment depression was 201-4 (46-0) 
and 241-0 (90-7) beats/min/mm Hg/10~? (p < 0-05) and at 
peak exercise was 238 2 (83-7) and 264-0 (80 5) beats/min/ 
mm Hg/i0~* (p< 005) with placebo and CGRP 
respectively. Exercise duration to 0-1 mV ST segment 
depression and peak exercise were similar on both 
infusions. Cardiac catheterisation was performed with 
right atrial pacing at a rate up to 20 beats/min above the 
resting rate; aortic, pulmonary artery, right atrial and pul- 
monary wedge pressures, left ventricular end diastolic 
pressure (LVEDP) and its rate of change (dP/dt) were 
recorded during consecutive intravenous infusions of 
placebo and CGRP for 10 minutes at the same rate as 
before. Systemic vascular resistance index was lower with 
CGRP compared with placebo (34 6 (15:6) v 44-6 (14-4) 
units.m?, p < 0 05). Cardiac index was greater (p < 0-05) 
with CGRP (3-84 (0-5) l/minute/m?) compared with 
placebo (3:38 (0-5) I/minute/m?). There was no significant 
change in aortic pressure, LVEDP, dP/dt, or pulmonary 
vascular resistance index. Incremental atrial pacing to 
angina or 0-2 mV ST segment depression disclosed no 
difference in RPP at 0 1 mV ST segment depression with 
placebo and CGRP. Quantitative analysis of selected coro- 
nary artery stenoses showed an increase in stenosis 
diameter from 1:14 (0-16) to 1-57 (0-33) mm (p « 0-05) and 
in reference diameter from 2-16 (0-30) to 2-54 (0-37) mm 
(p < 0 05) with placebo and CGRP respectively. 

Thus intravenous CGRP increases cardiac workload to 
01 mV ST segment depression and peak exercise, which 
implies an increase in the coronary flow reserve on exercise, 
not present on pacing. It dilates both stenosed and normal 
segments of the coronary arteries at rest. 


Exercise testing after thrombolytic treatment in 
acute myocardial infarction: reciprocal ST 
changes and diagnostic specificity 


V Umachandran, K Ranjadayalan, A D Timmis 
Newham General Hospital, London, and London Chest 
Hospital 


Thrombolytic treatment modifies the evolution of myo- 
cardial infarction, but its effect on the exercise electro- 
cardiogram (ECG) for risk stratification is unknown. We 
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analysed predischarge exercise ECGs in 40 patients with 
acute infarction (23 anterior and 17 inferior) treated with 
streptokinase. Coronary arteriography within two weeks 
confirmed disease of the infarct related artery in every 
patient, with additional remote disease ( >70% stenosis) in 
45% of patients. The exercise ECG showed ST depression 
(20-1 mV) in 30 patients, only three of whom experienced 
angina. Exertional ST elevation in the infarct territory was 
common, occurring in 26 patients, 18 of whom had addi- 
tional ST depression in the contralateral territory. Of 
these, only seven had remote coronary disease and ın the 
remainder ST depression occurred as a purely electrical 
phenomenon. Thus the sensitivity of exertional ST 
depression for the diagnosis of coronary disease remote 
from the infarct related vessel was 7695. The specificity 
was, however, only 25% because of the high incidence of 
false positive reciprocal ST depression. 

In conclusion, exertional ST elevation in the zone of 
infarction occurs commonly after thrombolytic treatment. 
It is often associated with reciprocal ST depression, 
although remote coronary disease is found in fewer than 
409, of these patients. Thus the specificity of exercise elec- 
trocardiography for coronary disease remote from the zone 
of infarction is reduced by thrombolytic treatment while 
sensitivity is largely unaffected. These data indicate a need 
for reappraising exercise ECG criteria for risk stratification 
after acute myocardial infarction treated with thrombolytic 
agents. 


Evaluation of cardiac transplantation for 
cardiomyopathy in children 


F Musumeci, N Banner, A Khaghani, D Aravot, 
Jo Wray, Rosemary Radley-Smith, M Yacoub 
National Heart and Lung Institute, London, and 
Harefield Hospital, Middlesex 


Thirty seven children underwent cardiac transplantation 
for cardiomyopathy (dilated 26, hypertrophic eight, 
restrictive three) and were followed up for a minimum of 
one year. The age at transplantation ranged from 6 months 
to 14 years (mean 7 4 years). Nine patients were less than 
2 years of age. The hospital survival was 86% (32/37). 
Causes of death were right side heart failure secondary to 
increased pulmonary vascular resistance in four and hyper- 
acute rejection in one. Immunosuppression consisted of 
cyclosporin and azathioprine treatment without routine 
steroids. Routine biopsy was not performed in children 
below 12 years of age. There were three late deaths at 1, 34, 
and 4 years. The 29 survivors, with a mean follow up of 
36 6 (12-64) months, were free of symptoms (New York 
Heart Association class I). Renal dysfunction requiring 
discontinuation of cyclosporin treatment occurred in only 
one patient. Two patients were given long term anti- 
hypertensive treatment. Two patients developed B cell 
lymphoma, which was localised to the abdomen in one and 
to the tonsils in the other; both lymphomas regressed com- 
pletely with a reduction in level of immunosuppression and 
intravenous acyclovir concentration. Annual cardiac cath- 
eterisation showed normal left ventricular function and 
absence of angiographic coronary artery disease. Change in 
aortic root dimension towards the appropriate size for age 
and weight of the child was shown by echocardiography. 
The majority of patients showed a satisfactory growth pat- 
tern. Cognitive function was within the normal range, but 
the rate of late behaviour disturbances was higher than the 
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normal population (25% v 10%). Twelve of the 13 children 
of school age returned to school. 

We conclude that medium term results of cardiac trans- 
plantation for cardiomyopathy in children are encour- 


aging. 


Class H major histocompatibility complex 
molecules on cardiac endothelium: an early 
biopsy marker of rejection in the transplanted 
human heart 


Alida Caforio, G F Bottazzo, P J Counihan, M J Davies, 
J R Pepper, W J McKenna 

Middlesex Hospital, London, and St George's Hospital, 
London 


The role of major histocompatibility complex (MHC) class 
II molecule expression in the rejection of the transplanted 
human heart is controversial. To assess whether MHC 
class II expression precedes histological evidence of rejec- 
tion we studied 63 sequential endomyocardial biopsy 
specimens from 13 patients 24—390 days after orthotopic 
cardiac transplantation. Histological rejection was graded 
according to Stanford criteria. MHC class II expression on 
endothelial cells was assessed by double immuno- 
fluorescence with monoclonal antibodies to class II mole- 
cules and antiserum to human factor VIII as endothelial 
cell marker. Class II molecule expression was indepen- 
dently scored as absent (0), low (1+), or high (2+). Rejec- 
tion grade was 0 in 38 endomyocardial biopsy specimens 
(60%), 1 in 18 (28%), and 2 in seven (11%). Class II 
expression score was 0 in 19 biopsy specimens (3095), 1+ 
in 27 (43%), and 2+ in 17 (27%). There was no relation 
between the 63 MHC scores and the severity of histological 
rejection in the corresponding biopsy specimen. The 
MHC scores of the 38 endomyocardial biopsy specimens 
with no histological rejection were compared with the his- 
tological grade of biopsy specimens taken in the following 
two to four weeks; 8/9 with a high MHC score (2+) were 
subsequently rejected v 5/29 with absent or low MHC 
expression (score 0, +1) (p < 0-001). The sensitivity, 
specificity, predictive value, and accuracy of MHC score 
2+ as a predictor of rejection was 61%, 96%, 89%, and 
84% respectively. 

High grade MHC class II molecule expression on car- 
diac endothelial cells is an early biopsy marker of sub- 
sequent rejection and may be a useful adjunct to routine 
histological assessment. Cardiac endothelial cells express- 
ing MHC class II molecules may have an active role in first 
set allosensitisation and initiation of rejection of the cardiac 


allograft. 


Coronary angioplasty in cardiac transplant 
recipients 


J W Swan, M S Norell, A Cheng, A G Mitchell, 
C Ilsley, M Yacoub 
Harefield Hospital, Middlesex 


Accelerated coronary artery disease continues to be one of 
the most important problems after cardiac transplantation. 
Because of the diffuse nature of the disease the only treat- 
ment applied to date has been retransplantation. We per- 
formed balloon angioplasty on nine patients with coronary 
artery disease judged suitable for revascularisation at a 
mean of 36 months (range 15—87 months) after orthotopic 
transplantation; the mean age of the patients was 42 (range 
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21-58). This constitutes 18% of transplant recipients with 
significant coronary disease at our institution. Two 
patients had symptoms of angina, both developing ST seg- 
ment change on exercise testing. Three patients had 
significant disease (> 50% luminal narrowing) in one ves- 
sel and the remaining six had three vessel disease. A total 
of 16 lesions were dilated, angioplasty being undertaken in 
the left anterior descending artery in seven patients, the 
right coronary artery in two, and the circumflex artery in 
four. Single lesion dilatation was performed in three cases, 
two lesion dilatation in five, and three lesion dilatation in 
one. Primary angiographic success was achieved in 15 
lesions. Revascularisation was unsuccessful in one lesion, 
and one patient developed ventricular fibrillation during 
balloon inflation. After 13 months of follow up (range 5-51 
months) one patient had recurrent angina. Seven patients 
were restudied, of whom two developed restenosis. One 
underwent a second successful angioplasty and the other 
had bypass surgery. 

These data indicate that coronary angioplasty in trans- 
plant recipients can be successfully undertaken with an 
apparent low restenosis rate. The influence of this pro- 
cedure on the ultimate prognosis remains to be deter- 
mined. 


Resolution of pulmonary hypertension after single 
lung transplantation 


J € Doig, D Richens, P A Corris, J H Dark, R S Bexton 
Regional Cardiothoracic Centre, Freeman Hospital, 
Newcastle upon Tyne 


The benefits of single lung transplantation on pulmonary 
haemodynamics and right ventricular function have not 
previously been described. Five patients underwent car- 
diac catheterisation at a mean of 18 months after trans- 
plantation for fibrosing alveolitis. Four had preoperative 
data for comparison. Mean pulmonary artery pressure fell 
by 46% (33-25 (3-75) to 17-75 (1-25) mm Hg; p = 0-039) 
and peak right ventricular systolic pressure by 38% (52-75 
(5-11) te 32-5 (1:66) mm Hg; p = 0:013). There was no 
significant change in pulmonary artery wedge pressure or 
cardiac autput. Total pulmonary resistance fell by 52% 
(6-33 (0-85) to 3-04 (0-17) Units; p = 0 022) and pulmonary 
arteriolar resistance by 62% (5-01 (0-8) to 1-92 (0-25) 
Units; p=0-021). In al patients there was an 
improvement in right ventricular function assessed by con- 
trast ventriculography, and all were normal after trans- 
plantation. A fifth patient, who was not catheterised 
preoperatively, had normal pulmonary pressures, 
arteriolar resistances, and right ventricular function. 

This study shows that even in patients with moderate 
pulmonary hypertension and impaired right ventricular 
function due to lung disease single lung transplantation 
may be performed with success. In such patients, right 
heart pressures, pulmonary resistances, and right ventricu- 
lar function return to normal. 


Total and differential blood flow measurement in 
pulmonary arteries of patients with single lung 
transplantation: a magnetic resonance study 


R H Mohiaddin, R Paz, S Theodoropolous, 

D B Longmore, M Yacoub 

National Heart Hospital, London; London Chest 
Hospital; and Harefield Hospital, Middlesex 
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Magnetic resonance imaging was used to measure total and 
differential pulmonary arterial blood flow in nine patients 
with single lung transplantation and in nine volunteers 
matched for age and sex. Spin echo images were acquired 
in transverse and oblique planes parallel and perpendicular 
to the mean pulmonary artery and right and left pulmonary 
arteries. Magnetic resonance velocity mapping was used to 
measure velocity profile and to estimate pressure gradient 
across the anastomoses. Quantitative blood flow was also 
measured ın the mean, right, and left pulmonary arteries. 
Arterial blood flow to the transplanted lungs was 2-07 
(0-45) l/min/m? in the group with right side transplantation 
and 2:43 (0:60) l/min/m? in the group with left side trans- 
plantation compared with 1-22 (0-22) 1/min/m? and 1-27 
(0-41) I/min/m? in the control groups respectively. The 
ratio of blood flow in the transplanted and the native lungs 
in all patients studied was 2-8 (0 83). The estimated pres- 
sure gradient across vascular anastomoses was 4—25 mm 
Hg. l 

The flow patterns in the pulmonary arteries of trans- 
planted and native lungs are of particular interest. The flow 
pattern in transplanted lungs has a wide forward flow dur- 
ing systole and most of diastole, whereas that in native 
lungs has a narrow forward flow with early systolic peak 
and a reverse flow during late systole and most of diastole. 
This differential flow and its pattern is related to the rela- 
tive resistance in the two lungs. Sequential studies of pul- 
monary blood flow using this non-invasive technique could 
be useful in managing patients with single lung trans- 
plantation. 


Host generated neointimal linings within an 
implantable textured surface left ventricular 
assist device (433 total patient days) 


T R Graham, K Dasse, A Coumbe, V Salih, 

O H Frazier, C T Lewis 

The London Hospital, London, and Thermo 
Cardiosystems and Texas Heart Institute, United States 


Implantable left ventricular assist devices with textured 
blood contacting surfaces were recently implanted in six 
patients (aged 22 to 52) for 35, 37, 41, 84, 114, and 1232 days 
with no thromboembolic complications. All patients suc- 
cessfully received transplants. The Thermo Cardiosystems 
device features an integrally textured fibrillar polyurethane 
(YTP) diaphragm on a pusher plate and sintered titanium 
microspheres (ST M) on the static housing. These surfaces 
encourage the adherence and formation of an organising 
coagulum, which serves as the foundation for subsequent 
neointimal development. After excision, samples for light 
microscopy, electron microscopy, and immu- 
nocytochemical evaluation were collected from identical 
areas of the ITP and STM surfaces. Devices were free of 
thrombus and calcification. The linings were thin and 
transparent, with areas of collagenous deposition. The 
STM surface became progressively covered with islands of 
collagen adjacent to areas of compact fibrin. The ITP sur- 
face contained more cells but fewer islands of collagen. 
Transmission electron microscopy showed some cells to 
have the appearance of activated macrophages while others 
were producing tropocollagen. On the ITP surface multi- 
nucleated cells with dense inclusion bodies and multiple 
pseudopodia were observed. Immunocytochemical tech- 
niques showed that the cells from both surfaces were of 
mesenchymal and not endothelial or smooth muscle origin. 
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These linings seem satisfactory in intermediate clinical 
use and warrant further evaluation in systems being 
designed for permanent implantation. 


Feasibility and acceptability of day case 
permanent pacing 


G A Haywood, A J Camm, D E Ward 
St George’s Hospital Medical School, London 


Fifty patients requiring permanent pacing or generator 
change were randomly assigned to either conventional 
inpatient management or same day discharge day case 
management. Twenty-four (mean age 732 years) were 
managed conventionally and 26 (mean age 73-7 years) as 
day cases. Two in the day case group could not be dis- 
charged on the same day, one because of haematoma and 
one because the family refused. Mean hospital stay in the 
remainder was 5:7 hours (day case) and 70-0 hours (con- 
ventional). There was only one other complication in the 
day case group—an electrode dislodgement after dis- 
charge. In the conventional group there were two electrode 
dislodgements (one atrial displacement and one ventricular 
threshold rise assumed to be secondary to a micro- 
dislodgement), one infection requiring the procedure to be 
redone, and one pneumothorax. One patient in the con- 
ventional group died of ruptured aortic aneurysm five days 
after discharge. À questionnaire designed to assess how 
acceptable patients found the procedure gave an equal 
result (8-8/10) for each group. There were no significant 
differences between the two groups in the number of con- 
sultations with general practitioners in the month after 
pacing or in acceptability (Mann-Whitney U test). To 
assess the significance of the complication rates sample size 
calculations indicate the study would have required 2500 
subjects. The saving per patient with day case management 
was between £400 and £650. 

Day case pacing is feasible ın the United Kingdom, is 
acceptable to patients, and has considerable economic 
advantages. 


Randomised double blind crossover study of four 
rate responsive pacing modes 


N Sulke, A Dritsas, ] Chambers, E Sowton 
Guy's Hospital, London 


Rate responsive pacing has known haemodynamic advan- 
tages over fixed rate but no direct comparison of modern 
RR modes has been undertaken. Twenty two patients aged 
18-81 years (mean 52) had activity sensing DDDR pace- 
makers (PM) implanted. All showed second or third degree 
atrioventricular block, seven with retrograde ventricu- 
loatrial conduction and 17 with sinus node incompetence at 
implantation. Patients were randomised to VVIR, DDIR, 
DDD, or DDDR for four week periods in a double blind 
crossover design. They were then assessed subjectively, 
with symptom and functional state questionnaires and 
visual analogue scales, and objectively, by graded exercise 
treadmill testing and while performing standardised daily 
activities continuously monitored . electrocardio- 
graphically. Five patients demanded early crossover, all 
from VVIR mode. Most patients (13) preferred DDDR, 
four preferred DDIR (three after His ablation), four pre- 
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ferred any dual mode, and one patient with poor left ven- 
tricular function preferred VVIR. Perceived general 
wellbeing was worse in VVIR than DDD (p « 0:05) and 
DDDR (p « 0:01) but not than DDIR (NS). Subjective 
exercise capacity was worse in VVIR than in dual chamber 
modes (p « 0-05). Objective assessment showed, however, 
that mean exercise treadmill times were similar in all 
modes. Percent change in heart rate during standardised 
daily activities was also similar in all modes, except during 
mental stress when VVIR significantly underresponded 
(p « 0 001). 

'Thus, most patients prefer DDDR, but objective exer- 
cise and standardised daily activity parameters are similar 
in all four RR modes. 


Complications associated with retained defunct 
pacemaker leads 


G Parry, J Goudevenos, P C Adams, R G Gold 
Department of Cardiology, Freeman Hospital, 
Newcastle upon Tyne 


The incidence and type of complications associated with 
retained, defunct pacemaker leads is reported in 118 
patients seen at this unit between 1978 and 1989. Sixty four 
women and 54 men (mean age 66 years, range 9—94) were 
classified according to the reason for intervention resulting 
in lead retention as (a) lead failure (group A, 65 patients) 
or (b) infection of the pacing system (group B, 53 patients). 
Follow up ranged from 1 month to 192 months (mean 67) 
in group A and from 5 months to 162 months (mean 62) in 
group B. Total mortality was 28% in each group; pace- 
maker related mortality was 0 in group A and 57% (3 
patients) in group B (all three patients died of septicaemia). 
Major complication occurred in one patient (1:595) in 
group À and in 22 patients (4295) in group B: one patient 
in group À and 10 patients in group B had recurrent local 
infection requiring surgery under general anaesthesia or 
cardiopulmonary bypass; nine patients in group B had sep- 
ticaemia and three patients in group B had the superior 
vena cava syndrome. Minor complication occurred in two 
patients (395) in group A and five patients (9%) in group 
B: one patient in group A and three patients in group B had 
recurrent local infection, one patient in each group had lead 
extrusion, and one patient in group B required further 
intervention. 

Our data suggest (a) that non infected pacemaker leads 
can be safely left in situ if removal is difficult and (b) that 
pacemaker lead removal is essential when the change in 
pacemaker system is dictated by infection. 


Improved physiological sensitivity of the QT sens- 
ing, rate adaptive pacemaker with a 
non-linear algorithm 


M W Baig, G W Reynolds, A Green, G Wade, 

P D L Constable, E J Perrins 

Department of Medical Cardiology, General Infirmary, 
Leeds 


The physiological sensitivity and specificity of rate adap- 
' tive pacing systems depend on the attributes of the bio- 
sensor and the algorithm that translates the input from the 
sensor into changes in pacing rate. In this study we 
describe the electrophysiological basis of a new non-linear 
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algorithm for the QT sensing pacemaker and compare the 
pacing rate responses during treadmill exercise with simul- 
taneous measurement of oxygen consumption (V05) in 11 
patients (mean 59 years, six females) randomly pro- 
grammed to one month periods in the linear and non-linear 
algorithms by a double blind, crossover design. The time 
to a 10 beats/min increase in rate was significantly less with 
the non-linear algorithm (126 s v 255 s; p = 0-025) but 
there were no significant differences in exercise duration, 
peak pacing rate, or peak Vo;. The slopes of the individual 
regression lines for the pacing rate and Vo, relation, which 
indicated the amount of pacing rate change per unit change 
in oxygen consumption, showed a significant improvement 
in four cases. Rate oscillation occurred in seven patients in 
the linear algorithm and in two patients in the non-linear 
setting. Initial deceleration of the pacing rate at the onset 
of exercise occurred in seven patients in the linear algo- 
rithm and in four patients in the non-linear setting. 

In conclusion, the non-linear algorithm results in a faster 
response time during exercise, fewer instances of rate 
instability, and a qualitative improvement in the pattern of 
pacing rate change as gauged by metabolic indices in 36% 
of patients. The problem of an initial fall in rate, however, 
remains and is a function of the sensor rather than the 
algorithm. 


Rate response to intravenous isoprenaline is an 
accurate predictor of chronotropic incompetence 
in sinoatrial disease 


G A Haywood, Joan Ward, D E Ward, A J Camm 
St George’s Hospital Medical School, London 


Rate responsive pacing may be valuable in patients with 
chronotropic incompetence. A rapid, sensitive method of 
identifying which patients with sinoatrial disease have 
chronotropic incompetence would facilitate selection of 
patients that may benefit from implantation of rate 
responsive systems. This would have economic advan- 
tages. We gave isoprenaline in incremental doses up to 
0:075 ug/kg/min to 14 patients with sinoatrial disease who 
had received AAIR systems. On repeated exercise testing 
with the Cleveland chronotropic adequacy exercise pro- 
gramme five showed chronotropic incompetence (max- 
imum heart rate « 115/min at peak exercise). In each case 
patients graded the peak exercise level as “hard” or above 
on the Borg exercise grading scale. The eight other subjects 
showed a sinus tachycardia at peak exercise of 130/min or 
above. All patients with chronotropic incompetence failed 
to show an acceleration of their heart rate in sinus rhythm 
in response to isoprenaline to a peak of 100/min (range 
< 70—96). Two patients with chronotropic incompetence 
developed accelerated nodal rhythms and two remained 
paced at 20/minute throughout. The eight patients who 
showed chronotropic “competence” all developed a sinus 
tachycardia in response to isoprenaline (range 
110-150/min). The difference in peak sinus rate in 
response to isoprenaline between the two groups was 
highly significant (p < 0-001). 

A peak rate in sinus rhythm <100/min in response to 
0-075 ug/kg/minute of intravenous isoprenaline is a sensi- 
tive (10095) and specific (10095) marker of chronotropic 
incompetence in sinoatrial disease. 


Proceedings of the British Cardiac Society 


Method of head up tilt testing in the DYE ero 


of syncope 


A Fitzpatrick, G Theodorakis, R Ahmed, R Marmot 
R Sutton 
Westminster Hospital, London 


Prolonged 60° head up tilt is gaining acceptance in the 
investigation of unexplained syncope, identifying the 
malignant vasovagal syndrome. Numerous protocols for 
tilting are in use but the most clinically useful is not yet 
defined. To try to do this several groups of patients and 
controls were tilted according to different protocols. 
Seventy one patients with unexplained recurrent syncope 
were tilted at 60° with a footplate support for a planned 
maximum of 60 minutes and 53 (75%) were syncopal at 24 
(10) mins. A random 31 of these were tilted again and 24 
(7795) were syncopal; a random 16 of these were tilted 
again and 13 (81%) were syncopal; a random 10 of these 
were tilted to 45% and only three (30%) were syncopal. 
Sixteen patients with syncope due to atrioventricular block 
were tilted and three (19%) were syncopal. Eighteen 
patients with syncope related to sinus node disease were 
tilted and two (11%) were syncopal. Twenty seven age 
matched non-syncopal controls were tilted and two (7%) 
were syncopal. A random 12 of these were tilted with a 
saddle support and seven (67%) were syncopal. 

Reproducibility of tilt testing in patients with 
unexplained recurrent syncope is 80%. The rate of tilt 
syncope was significantly higher in patients with 
unexplained recurrent syncope than in controls or patients 
with syncope related to conduction tissue disease 
(p < 0-001). Saddle tilt results in loss of specificity, tilting 
to less than 60° results in loss of sensitivity. Tilting should 
be for 45 minutes (mean time of syncope plus 2 SD). 


Differential response of repolarisation to changes 
in ventricular loading in patients with abnormal 
wall motion 


P Taggart, P M I Sutton, R John, M J Lab, 

R H Swanton 

Middlesex Hospital, London, and University College 
London 


Changes in ventricular loading conditions may influence 
the time course of repolarisation (and hence refrac- 
toriness). This study aims at examining a possible 
differential response in patients with abnormal wall motion 
compared with those with normal wall motion. We used 
the Valsalva manoeuvre to manipulate pressure and vol- 
ume and recorded monophasic action potentials from the 
left ventricular endocardium as a measure of the time 
course of repolarisation during right atrial pacing. Twenty 
three patients were studied undergoing routine cardiac 
catheterisation for chest pain. Seven had neither angio- 
graphic evidence of abnormal wall motion nor a history of 
myocardial infarction (group 1); five had a history of myo- 
cardial infarction but normal wall motion (group 2); and 10 
showed evidence of abnormal wall motion either with or 
without previous infarction (group 3). During the forced 
expiratory phase of the Valsalva manoeuvre venous return 
ig impeded and systolic pressure falls. In group 1 systolic 
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pressure fell from 138 (SD 31) mm Hg to a plateau of 97 
(37) mm Hg (p < 0:02). After release of the forced 
expiration during the rapid recovery phase it increased 
from 66 (26) mm Hg to 109 (32) mm Hg (p « 0-0001). 
During the forced expiratory phase in group 1 monophasic 
action potential duration shortened from 311 (47) ms to 295 
(47) ms (p « 0-001) and lengthened during the rapid recov- 
ery phase from 285 (44) ms to 304 (44) ms (p « 0:0001). 
Monophasic action potential changes in the opposite direc- 
tion occurred in six of the 10 patients in group 3. An in 
between pattern was seen in the patients in group 2. It is ` 
unlikely that autonomic effects associated with the Valsalva 
manoeuvre would account for these findings. 

Our results provide further evidence that changes in 
ventricular loading influence repolarisation in humans. 
With abnormal wall motion the effects on repolarisation 
were often opposite to those with normal wall motion. 
Regional differences in wall motion could by this 
mechanism generate local electrical gradients that may be 
relevant to the association of arrhythmia with impaired left 
ventricular function. 


Pulmonary extraction and left atrial secretion of 
atrial natriuretic factor 


D B Northridge, A G Jardine, M P Jamieson, 

H J Dargie 

Departments of Cardiology, Cardiothoracic Surgery, and 
MRC Blood Pressure Unit, Western Infirmary, Glasgow 


Atrial natriuretic factor (ANF) concentrations are similar 
in pulmonary arterial and systemic arterial samples, so it is 
thought that the lungs do not extract a significant amount 
of the peptide. We tested this hypothesis by measuring 
ANF concentrations in samples taken from multiple sites 
of the central circulation in 12 patients undergoing cardiac 
surgery. We also investigated the effects of cardio- 
pulmonary bypass on ANF concentrations as any 
deficiency of the peptide could contribute to the risk of 
renal ischaemic injury. The mean age of the patients was 59 
years (range 43—68), and there were three women. Al 
patients had a history of angina, and five had had a previous 
myocardial infarction. The operation consisted of up to 
three vein grafts, either alone (three patients) or combined 
with an internal mammary artery graft (nine patients). 
Mean (SD) ANF concentrations were lower in pulmonary 
venous samples (41 (20) pg/ml) than pulmonary arterial 
samples (54 (18) pg/ml; p < 0:001), showing 24% extrac- 
tion of ANF by the lungs. Both left atrial (47 (23) pg/ml) 
and systemic arterial concentrations (52 (25) pg/ml) were 
higher than pulmonary venous concentrations (p « 0-05), 
indicating secretion of ANF into the left side of the heart. 
Plasma ANF concentration fell from 68 (23) pg/ml before 
aortic crossclamping to 35 (13) pg/ml and 28 (9) pg/ml 10 
and 30 minutes after the application of clamps respectively 
(both p < 0-005). A rebound rise to 123 (33) pg/ml fol- 
lowed the release of the clamp (p « 0-001). 

We conclude that ANF is extracted in the lungs and that 
plasma concentrations are restored by direct secretion of 
the peptide into the left side of the heart. As ANF protects 
against renal ischaemic injury the considerable fall in 
plasma concentrations observed during cardiopulmonary 
bypass may contribute to this complication of cardiac 
surgery. 


16 


Cerebral blood flow autoregulation in complete 
heart block 


M H Anderson, A J Camm 
St George’s Hospital Medical School, London 


Patients with chronic complete heart block are known to 
have a reduced cerebral blood flow of up to 20% associated 
with a reduction in cardiac output of 30% despite a normal 
blood pressure. The time course of these changes is 
unknown, but they are reversed within a few minutes when 
VVI pacing at 70/min is started. We measured left and 
right carotid and vertebral artery flow in five patients 
(mean age 69 years) with a 7-5 MHz Doppler probe and 
Acuson 128 ultrasound machine. All patients had per- 
manent pacemakers (four VVI one DDD) with no 
detectable underlying cardiac rhythm and were in VVI 
pacing at a heart rate of 70/min for at least one hour before 
being studied. None had evidence of carotid or vertebral 
artery stenoses. Patients were rested for 15 minutes before 
measurements were taken. After baseline readings heart 
rate was reduced to 40/min and measurements repeated 
after 15 minutes. Total cerebral blood flow fell by 3-3% 
(SD) 8:195) when pacing rate was reduced to 40/min. 
Mean ratio of carotid to vertebral flow (total carotid flow — 
total vertebral flow) was 3:6 (SE 0:94) at 70/min and 3-0 
(SE 0-37) at 40/min (difference not significant). 

There is no evidence of an acute change in cerebral blood 
flow, or its distribution, on reduction of heart rate from 
70/min to 40/min during VVI pacing. This shows that 
cerebral autoregulation is well able to cope with sudden 
reductions in heart rate. T'he failure of autoregulation in 
complete heart block develops more gradually and is likely 
to be associated with a long term reduction of cardiac out- 
put. 


Angiotensin converting enzyme inhibitors and 
magnesium conservation in patients with 
congestive cardiac failure 


R N Stevenson, Charlotte Keywood, A Amadi, 
R Davies, D I H Patterson 
Cardiac Department, Whittington Hospital, London 


Patients with congestive cardiac failure treated with long 
term diuretics are at risk from hypomagnesaemia. 
Angiotensin converting enzyme inhibitors may attenu- 
ate diuretic induced hypomagnesaemia and therefore we 
investigated their effect on diuretic induced magnesium 
excretion in patients with congestive cardiac failure. Nine- 
teen patients (group 1) taking diuretics alone (frusemide or 
bumetanide) were compared with 15 patients (group 2) 
taking diuretics plus either captopril or enalapril. Drug 
doses were stable for three months. Patients received an 
intravenous loading dose of magnesium sulphate (30 
mmol/l) to minimise variability in baseline magnesium 
state after which urine was collected for 24 hours. The two 
groups were well matched for age, weight, and diuretic 
dose. Plasma magnesium concentrations were similar in 
the two groups (0-87 (0-02) and 0-86 (0-02) mmol/l). 
Twenty-four hour urine magnesium excretion was 
significantly lower in group 2 (18:5 (1-4) mmol/24(h) than 
in group 1 (26 0 (1:0) mmol/24(h) (p < 0:0003). Creatinine 
clearance was significantly lower in group 2 (49 (5-0) 
ml/min) than in group 1 (74 (5:9) ml/min) (p « 0-002). 
Creatinine clearance correlated strongly with magnesium 
excretion in group 2 (p < 0-001) but not in group 1. 
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The results suggest that angiotensin converting enzyme 
inhibitors have an important magnesium conserving effect. 
The likeliest mechanism is through a reduction in glomer- 
ular filtration rate, though their antialdosterone action may 
contribute, 


Impaired left lower lobe ventilation: an isotope 
study of mechanisms 


M S M Alexander, J Cleland, B Henderson, A M Peters, 
J M B Hughes, J P Lavender 

Departments of Diagnostic Imaging and Cardiology, 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


We previously showed a significant correlation between 
cardiac enlargement and reduced left lower lobe ventilation 
on routine V/Q scanning. In a prospective study on 19 
patients with large hearts a considerable improvement in 
left lower lobe ventilation was seen in the prone compared 
with the supine position. Although there was a similar 
change in normal volunteers, this was less noticeable. T'o 
elucidate the mechanism of this change 11 patients with 
enlarged hearts were studied, the change in the difference 
in signal at right compared with the left base being 
expressed as a ratio on passing from supine to prone. In 
those showing a reduction in ventilation at the left bases 
with inhaled krypton-81m the ratio on moving from supine 
to prone was 2-40 (0-46), representing a real increase at the 
left base (no changes were seen at the right base). No 
change was seen with intravenous ??""T'c-MAA acting asa 
marker of lung position (0:96 (0-08) or in regional lung 
perfusion with intravenous ??"Tc-MAA and the peak of 
the injected xenon-133 curve (1 1 (0-21)). There was also 
no change 1n ventilatory turnover, and thus no evidence of 
air trapping, from the injected xenon-133 washout curve 
(135 (0-71)). Combining the xenon washout and krypton 
data to produce an index of volume change produced a 
significant reduction at the left base (3-05 (1-7)). This sug- 
gests that the mechanism of the phenomenon may be due 
to lung compression and alveolar closure and that a change 
in position reverses this closure and thereby improves lung 
ventilation and gas exchange. 


Effect of ischaemia on the relation between 
monophasic action potential duration and cycle 
length in the human left ventricle 


R M John, P Taggart, P Sutton, P J Ell, R H Swanton 
Middlesex Hospital, London 


The duration of the monophasic action potential is short- 
ened by both an increase in heart rate and ischaemia. Any 
protocol devised to study ischaemia is thereby complicated 
by the effect on the action potential duration of changes in 
cycle length. The aim of the study was to see whether it was 
possible to disassociate these two effects. 

Left ventricular monophasic action potentials were 
recorded in 12 patients after routine coronary angiography 
during incremental; atrial pacing to their angina threshold 
or loss of 1:1 conduction. Each pacing rate was maintained 
for two minutes, thereby establishing steady state condi- 
tions. The monophasic action potential recording catheter 
was in a non-ischaemic area in six patients and in an 
ischaemic area in the other six patients, as shown by the use 
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of isotope myocardial perfusion imaging. We observed a 
linear relation for steady state monophasic action potential 
duration—that is, for values obtained at the end of each two 
munute pacing train—between cycle lengths of 850 ms and 
461 ms in both ischaemic (r = 0:93) and non-ischaemic 
regions (r — 0-82). The slope of the regression line for the 
ischaemic areas was greater than that for the non-ischaemic 
areas (28-6 ms v 23-5 ms per 100 ms cycle length decrease; 
p « 0:05). Rate correction algorithms such as the Bazett's 
formula are unreliable in non-steady state conditions but 
may be useful under steady state conditions when restitu- 
tion is complete. Applying Bazett's formula to our data, we 
observed that changes in action potential duration in the 
ischaemic area showed a significant deviation from that in 
the non-ischaemic area, particularly at the shorter cycle 
lengths (288 ms v 312 ms at a cycle length of 500 ms; 
p « 0:006). 

We conclude (a) that—ischaemia shifts the slope of the 
regression line relating action potential duration to cycle 
length while preserving the linear relationship and (6) that 
the rate correction algorithm applied to steady state values 
enables changes due to ischaemia to be differentiated from 
those due to changes in cycle length. 


Effects of early captopril administration on left 
ventricular dilatation and function after acute 
myocardial infarction 


K G Oldroyd, M Pye, S G Ray, J Christie, I Ford, 
S M Cobbe, H J Dargie 

Departments of Cardiology, Royal and Western 
Infirmaries, Glasgow, and Department of Statistics, 
University of Glasgow 


In a double blind study 99 patients (aged 40-75, 82 men) 
with acute myocardial infarction and a Norris score > 3-5 
were randomly assigned to receive captopril or placebo 
within 24 hours. Left ventricular (LV) volumes, ejection 
fraction, segment lengths, and cardiac output were mea- 
sured serially by cross sectional and Doppler echo- 
cardiography. There were no differences in clinical and 
echocardiographic variables between the groups at baseline 
except for an excess of previous myocardial infarction in 
the placebo group (13/50 v 2/49; p = 0-002). By two 
months, compared with placebo, the captopril group had a 
lower LV systolic volume index (mean (SE) 45:6 (3:3) 
(ml/m? v 54-7 (2:8) ml/m?, 95% confidence interval — 17-8 
to —0-6; p = 0-04) a higher LV ejection fraction (41-0 
(2:1)% v 35-2 (1-7)%, 0-5 to 11-2; p = 0-03), and a shorter 
anterior segment length (87-3 (4-7) mm v 101-0 (3-6) mm, 
—25-7 to —1:8; p = 0-02). There was a non-significant 
trend towards a lower LV end diastolic volume index in the 
captopril group (75-7 (3:5) ml/m? v 83-6 (2-6) ml/m?, 
— 16-7 to 0-8; p — 0-08). No differences were identified in 
stroke volume index or cardiac index. In the placebo group 
there were significant increases in the anterior and poste- 
rior segment lengths from baseline to two months which 
did not occur in the captopril group. 

This study provides further evidence that captopril can 
attenuate LV enlargement and improve LV function after 
myocardial infarction. 
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Continuous ST segment monitoring in the acute 
phase after admission to hospital with chest pain 


K Phadke, D Mulcahy, A McCrae, J Parameshwar, 
C Wright, J Sparrow, A Park, R Blackwood, K Fox 
National Heart Hospital, London, and Wexham Park 
Hospital, Slough 


It has been reported that silent ischaemia occurring in 
unstable angina or after myocardial infarction is common 
and associated with an adverse short and medium term 
prognosis; most studies, however, have been carried out 
after stabilisation. To assess the frequency and prognostic 
implications of early ischaemic change in patients 
presenting with acute coronary syndromes we studied 248 
patients (mean age 57) who presented to the accident and 
emergency department with chest pain assumed to be 
ischaemic in nature. Continuous electrocardiographic 
monitoring (CM5 + inferior lead) was started within six 
hours after admission with an FM recorder (mean 40 h, 
total 10 195 h). Strict criteria were used to define ischaemic 
change to avoid especially overdiagnosis on the basis of 
baseline ST segment elevation. Of the 248 patients, 99 
(39%) had an acute myocardial infarction and 109 (43%) 
had unstable angina. During the 10 195 hours of taping 52 
(21%) patients showed evidence of ischaemia during elec- 
trocardiographic monitoring and 29 (56%) had more than 
60 minutes of ischaemia. At a mean follow up of 13 weeks 
(range 2—52) six out of 29 (2095) patients with more than 60 
minutes of ischaemia had died and a further five (1695) had 
interventions (four coronary artery bypass grafting, one 
percutaneous transluminal coronary angioplasty). Of the 
196 patients without ischaemia, six (3%) had died. 

About a fifth of patients presenting with acute coronary 
syndromes have evidence of ischaemia in the acute phase. 
Continuous monitoring identifies a subgroup at 
significantly increased risk of an early unfavourable out- 
come. Early identification, investigation, and treatment of 
such a subgroup may improve their prognosis. 


Collateral flow after acute myocardial infarction 


Ann Tweddel, W Martin, S M Cobbe, 

D A S Marshall, I Hutton 

Department of Medical Cardiology, Royal Infirmary, 
Glasgow 


Left ventricular function is thought to improve after 
thrombolytic treatment in patients with myocardial 
infarction, but the mechanisms are not fully understood. 
Angiography was performed at 24 hours in 14 patients 
presenting with a first myocardial infarction who had been 
treated within three hours of onset of symptoms with ani- 
streplase and heparin; treatment was repeated at 5—7 days 
in 10 of them. At the time of angiography myocardial flow 
was assessed by the xenon clearance technique. After intra- 
coronary injection of xenon under direct vision scans were 
obtained with a mobile gammacamera fitted with a biplane 
collimator, which allows simultaneous acquisition in the 
30? and 70? left anterior oblique projections. In four 
patients the infarct vessel was totally occluded at initial 
angiography; in one patient this was patent at 5-7 days and 
a further two patients developed totally occluded vessels. 
Ventricular function was unchanged (left ventricular ejec- 
tion fraction 24:594 (5:594) at 24 hours, 25 7% (5-195) at 
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5—7 days) in the whole group, but in five of the six patients 
with occluded vessels and angiographically demonstrated 
collaterals left ventricular function tended to improve 
(23% (3:994) to 273% (4-595). Xenon flow showed 
improved collateral flow from 43-1 (10-2) ml/100 g/min to 
65-9 (11:4) ml/100 g/min and increased distribution to the 
left ventricle (14% (395) to 21% (4%)) from the collaterals. 

These results suggest that after myocardial infarction 
collateral flow tends to improve with time in patients with 
occluded vessels, and this may help to preserve ventricular 
function. 


Prolonged anginal perceptual threshold in 
diabetes: effects on exercise capacity and 
myocardial ischaemia 


K Ranjadayalan, V Umachandran, P G Kopelman, P G 
Mills, A D Timmis 

Newham General Hospital, London, and London Chest 
Hospital 


Anginal perceptual threshold (APT)—the time from onset 
of 0-1 mV ST depression to onset of angina during tread- 
mill exercise—1s prolonged in diabetes. We evaluated the 
functional importance of this perceptual abnormality by 
analysing its effect on exercise capacity and myocardial 
ischaemia in 32 diabetic patients and 36 non-diabetic 
controls. AP'T was prolonged in the patients by a mean 
of 86 s (p < 0-001) and correlated closely with exercise 
capacity (r = 0:8, p < 0-001), although in the controls 
these variables were unrelated. In both groups the time to 
onset of electrical ischaemia was related to exercise capacity 
(r = 0-8 and 0-9, p < 0-001), but the slope of the regression 
was significantly flatter in the patients because APT was 
prolonged, allowing exercise to continue as ischaemia 
intensified. This permissive effect of prolonged APT on 
exercise capacity had unfavourable consequences as 
reflected by its correlation with ischaemia at peak exercise 
(r = 0 6, p < 0-00D—the longer the threshold the greater 
the exercise capacity and the more severe the ischaemia. 
Indeed, the normal inverse relation between the severity of 
exertional ischaemia and exercise capacity seen in the non- 
diabetic controls (r = 0-4, p < 0-02) was completely lost in 
the diabetic group. 

In conclusion, APT is a major determinant of exercise 
capacity in diabetes; prolongation has important functional 
consequences, depriving the patient of the signal to stop 
exercising as regional ischaemia intensifies. The effects of 
this process on arrhythmogenesis and myofibrillar damage 
remain to be determined. 


Prognostic value of baroreflex testing early after 
myocardial infarction 


T G Farrell, T R Cripps, V Paul, D E Ward, 

A J Camm 

Department of Cardiological Sciences, St George’s 
Hospital, London 


Baroreflex sensitivity (BRS) testing was performed in 99 
patients 6-10 days after myocardial infarction with bolus 
doses of intravenous phenylephrine and intra-arterial 
monitoring (femoral or radial line). The mean rise in sys- 
tolic blood pressure was 23 mm Hg and the mean dose of 
phenylephrine used on each injection was 0-8 mg. All 
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patients tolerated the procedure well. The mean left ven- 
tricular fraction of the study group was 51:595 (14-895), 
mean age was 56-4 (9-8) years, and the mean BRS was 7-06 
(4-7) ms/mm Hg. BRS was inversely correlated with age 
(r = —0 424, p < 0-0001) but not with ejection fraction or 
variability in heart rate. Infarct site or type (Q wave) had 
no significant effect on BRS. During follow up seven 
patients developed arrhythmic events (ventricular tachy- 
cardia or sudden death) and BRS in this group was consid- 
erably reduced (7-44 (4-65) v 1:38 (1:34); p « 0-002). On 24 
hour electrocardiographic analysis nine patients had non- 
sustained arrhythmias and BRS was again significantly 
reduced in this group (7:52 (4:65) v 3:6 (2-78); p = 0-018). 
BRS was not significantly reduced when all cause cardiac 
mortality was analysed (7-3 (3-97) v 7-4 (4-65)). 

In conclusion, BRS testing can be safely performed in 
the early period after infarction, is well tolerated, and gives 
important prognostic information on arrhythmic risk. 


Exertional ST elevation after infarction: wall 
movement abnormality, reversible ischaemia, or 
both? 


C E Hancler, C Pantos, ] M Walker 
Department of Cardiology, University College and 
Middlesex Hospitals, London 


Exertional ST elevation after myocardial infarction is a bad 
prognostic sign but its mechanism is obscure. We exam- 
ined its relation to regional and global left ventricular wall 
movement and reversible ischaemia (angina or ST depres- 
sion, or both) in 42 consecutive patients without previous 
infarction by echocardiography, radionuclide angiography 
(multiple gated acquisition), and symptom limited exercise 
testing. The 17 patients who developed ST elevation had 
lower regional (anterior: 2-1 v 6:0, p < 0:005; inferior: 1:3 
v 2:8, p « 0-01) and global (10-1 v 13-4, p « 0-05) wall 
movement scores. In 14 of these 17 patients with ST 
elevation the electrocardiographic location of S'T elevation 
corresponded to underlying regional wall movement 
abnormalities (hypokinesia or dyskinesia, or both). 
Patients with ST elevation had lower radionuclide ejection 
fractions (2395 v 4795, p « 0-04) and shorter exercise 
duration (11-0 v 13-1 min, p < 0-03) compared with the 25 
patients without ST elevation. T'he frequency of reversible 
ischaem1a was not significantly different between the two 
groups. 

We conclude that exercise induced ST elevation after 
infarction is related to underlying left ventricular wall 
movemen: abnormalities and associated poor left ventricu- 
lar performance but not with reversible ischaemia. 


p-Endorphin release after acute myocardial 
ischaemia 


K G Oldroyd, C E Gray, K Harvey, G H Beastall, 
S M Cobbe 

Department of Medical Cardiology and Institute of 
Biochemistry, Glasgow Royal Infirmary, Glasgow 


Plasma concentrations of f-endorphin (BE), an endo- 
genous opioid peptide, increase in response to various 
stressful stimuli and are also raised in animal models of 
heart failure. In these models opioid antagonists improve 
cardiac performance, suggesting that BE may have a patho- 
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physiological role. Plasma BE concentrations were mea- 
sured serially in 55 patients (aged 37—75, 37 men) admitted 
to the coronary care unit with acute myocardial ischaemia. 
Myocardial infarction was confirmed in 42 patients, 31 
(74%) of whom had at least one measurement outside the 
normal range of 2:5—7-2 pmol/l. The mean (SE) peak value 
for all patients with myocardial infarction was 22-3 (3-7) 
pmol/l, significantly higher than the peak value of 5-1 (1-0) 
pmol/l in the 13 patients with unstable angina (95% 
confidence interval (for difference of means) 9-4 to 24-9). 
The 12 patients with myocardial infarction who developed 
cardiac failure had a higher peak BE concentration than 
those without this complication (34-3 (8-3) v 17-4 (3-8) 
pmol/l, —32-8 to —0:9). Univariate analysis indicated 
significant correlations between peak BE concentration 
and creatine kinase activity and adrenocorticotrophic hor- 
mone, cortisol, and glucose concentrations. Although pain 
is a major stimulus to BE release, there was no difference 
in the pain scores of the patients with and without myo- 
cardial infarction (70(4) v 76(4), —19 to 6) or between 
patients with and without cardiac failure (79(11) v 72(4), 
— 19 to 34). 

BE 1s another component of the neuroendocrine activa- 
tion associated with myocardial infarction and cardiac fail- 
ure. 


Can we predict which cardiac arrests outside 
hospital are ventricular fibrillation? 


D Wright, J Bannister, M Ryder, A F Mackintosh 
St James’s University Hospital, Leeds 


Only an occasional patient with asystole outside hospital 
will survive, so extended trained ambulance staff should 
concentrate on ventricular fibrillation (VF). We analysed 
1196 cardiac arrests in adults attended by extended trained 
staff in West Yorkshire to assess whether VF can be pre- 
dicted. Fibrillation was the initial rhythm in 456 patients 
(38%); 64 survived to leave hospital. Only one of the 
remaining patients (585 asystole, 155 electromechanical 
dissociation) survived—an 18 year old patient with asthma 
who developed asystole in transit. Five factors were posi- 
tively associated with VF: age less than 70 (predictive accu- 
racy 43%), location of arrest in a public place (56%), arrest 
occurring in presence of paramedical staff (48%) or 
bystanders (42%), bystander resuscitation (58%), and 
response time shorter than six minutes (45%). When all 
five associated factors were present VF was found in 74% 
of the arrests; if none was present VF accounted for 9%. 
Fibrillation occurring after arrival of the ambulance or 
during transit was followed by 56-5% survival, but for 
those patients found in VF only a response time shorter 
than six minutes was associated with improved survival 
(14% v 5%). 

Some factors are associated with VF, but their predictive 
value is not sufficient to be of much practical use. 


Adrenaline, myocardial ischaemia, and 
ventricular arrhythmias in coronary heart disease 


A J McCance, J C Forfar 
John Radcliffe Hospital, Oxford 


Acute myocardial infarction is associated with striking 
activation of the sympathoadrenal system. We infused 
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adrenaline and matching placebo in random order to 
achieve adrenaline concentrations in the range seen after 
acute myocardial infarction in 14 male patients (mean (SE) 
age 55 (2)) with stable angina. B-Blockers were witheld for 
at least 72 hous before the study. During adrenaline 
infusion (30 ng/kg/min) arterial adrenaline concentration 
increased from 70 (11) pg/ml to 579 (50) pg/ml, whereas 
during placebo infusion adrenaline concentration 
remained unchanged. No patient had ST segment depres- 
sion at rest or during placebo infusion, but 11 of the 14 
patients developed electrocardiographic evidence of myo- 
cardial ischaemia during adrenaline infusion (> 1 mm hori- 
zontal or downsloping ST segment depression), although 
the increases in heart rate (67 (3) to 81 (2) beats/min) and 
systolic blood pressure (141 (7) to 146 (6) mm Hg) were 
modest. Ventricular arrhythmias developed or became 
more frequent or more complex during adrenaline infusion 
in five of the 14 patients, but ventricular tachycardia was 
not observed and no patient required specific anti- 
arrhythmic treatment. During the control period supine 
bicycle exercise (load 26 (3) W) in 11 patients resulted in 
21mm ST segment depression in five. Mean ST segment 
depression was similar during control exercise and during 
adrenaline infusion at rest (0-8 (0-1) mm and 1:1 (0-2) mm 
respectively). Ten patients undertook exercise during 
adrenaline infusion, of whom eight developed >1 mm ST 
segment depression. Mean ST segment depression (1:8 
(0-4) (mm) was greater than during the control exercise 
period (p « 0-05). 

Thus adrenaline concentrations of the order seen after 
acute myocardial infarction are associated with potentially 
deleterious effects in patients with stable coronary heart 
disease. Endogenous adrenaline may contribute to myo- 
cardial ischaemia and the development of ventricular 
arrhythmias during acute myocardial infarction. 


Reactivity of eccentric and concentric coronary 
stenoses in chronic stable angina 


D Tousoulis, J C Kaski, F Crea, S Gavrielides, 

A R Galassi. A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Eccentric coronary stenoses are generally thought to be 
capable of changing their calibre in response to constrictor 
and dilator stimuli thus leading to a variable anginal 
threshold in patients with chronic stable angina. On the 
other hand, concentric stenoses are believed not to react in 
a similar manner. In 44 patients (34 men, 10 women age 55 
(11) years) with chronic stable angina and angiographically 
documented coronary artery disease (250% coronary 
luminal diameter reduction) we studied the response of 55 
coronary stenoses (50-90% diameter reduction) to the 
administration of 1 mg intracoronary isosorbide dinitrate 
(54 stenoses) and intravenous ergometrine (12 stenoses). 
Computed quantitative angiography was used to assess the 
degree of eccentricity of each stenosis and to measure the 
coronary diameter of reference segments (angiographically 
normal segments proximal to the stenosis) and stenotic 
segments during baseline and after isosorbide dinitrate and 
metrine. Twenty six of the 55 stenoses were eccentric 
(47%) and 29 (53%) concentric. After 1sosorbide dinitrate 
coronary stenosis diameter increased 210%, compared 
with baseline, in 18 of the 26 (69%) eccentric stenoses and 
in 11 of the 29 (38%) concentric stenoses (p < 0-05). Mean 
diameter of eccentric stenoses increased from 1-11 (0 25) 
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mm during baseline to 1-32 (0-32) mm after isosorbide 
dinitrate (19% (14%) increment), whereas diameter of 
concentric stenoses changed from 1 10 (0-37) mm to 1-19 
(0-38) mm (10% (15)%) increment) (p < 0:05). Average 
dilatation of reference segments was not significantly 
different in patients with concentric and eccentric stenoses 
(7% (15%) and 10% (14%) respectively). Ergometrine, 
which did not produce angina or ST segment shifts in any 
patient, reduced stenosis diameter by > 10% in four out of 
five eccentric stenoses (mean diameter reduction = 17 
(9)%,) and in four out of seven concentric stenoses (mean 
reduction = 12 (10)%) (NS). Constriction of reference 
segments with ergometrine was similar in patients with 
eccentric and concentric stenoses (11 (8)% and 12 (7)% 
respectively). 

Thus, in patients with chronic stable angina eccentric 
stenoses have a significantly larger ability to dilate in 
response to isosorbide dinitrate than concentric stenoses. 
Although a significantly larger proportion of eccentric 
stenoses have the potential for dynamic changes of calibre, 
however, a sizeable proportion of concentric stenoses also 
have this potential. 


Time course of ultrastructural injury and repair 
to pulmonary capillaries after experimental 
unilateral lung transplantation 


Susan Hall, N Odom, C G McGregor, 
Sheila G Haworth 
Institute of Child Health, London 


A donor lung is injured during preservation and is gener- 
ally thought to be injured by reperfusion. Donor lungs 
from rats preserved by flush perfusion with cold Marshall’s 
solution at 4°C were examined by electronmicroscopy after 
two, four, or seven hours’ storage at 4°C and after trans- 
plantation (syngeneic) at four or 12 hours (six animals per 
time interval). During preservation rapid capillary 
remodelling occurred. Both endothelial and epithelial 
components of the blood-gas barrier thinned (surface to 
volume ratio increased by two hours; p < 0-001). Peri- 
capillary oedema developed involving the blood-gas bar- 
rier when basement membrane thickness increased 
significantly (p < 0:001). Occasional breakage of the endo- 
thelial cell sheet occurred after four hours’ preservation. 
Even after seven hours’ preservation there was no evidence 
of irreversible cell damage. After transplantation type I and 
type II pneumonocytes recovered after 12 hours. Endo- 
thelial cell cytoskeletal remodelling took longer. Oedema 
decreased rapidly during the first four hours, despite the 
numiber of adherent neutrophils increasing threefold. 
Findings were similar in the allogeneic transplanted dog 
lung. 

Thus the pulmonary capillaries of transplanted lungs 
showed no structural evidence of reperfusion injury; rather 
a gradual resolution of the changes incurred during preser- 
vation injury. 


Fatal complications as a result of underestimated 
coronary artery disease at the time of corrective 
cardiac surgery 


M Taylor, A Kollar, D R Walker 
Department of Cardiothoracic Surgery, Killingbeck 
Hospital, Leeds 


Proceedings of the Brinsh Cardiac Society 


Data from 321 postmortem reports (between 1970 and 
1989) were analysed to obtain information about the fatal 
complications after open heart surgery in adults. ‘The indi- 
cations for surgery were: valve disease (n = 203, (group I); 
ischaemic heart disease (n — 86, (group II); combination of 
the two (n = 30, (group III), and miscellaneous (n = 2, 
(group IV). In all, 147 patients (4695) died within 24 hours 
of operation and 128 (40%) between one and 30 days after 
operation, and there were 46 (14%) late deaths. The main 
cause of death was cardiac in origin in 204 cases (63%), 
thoracic bleeding in 28 cases (9%), other organ compli- 
cation in 45 cases (14%) and multiorgan failure in 44 cases 
(1495). The most frequent pathological finding was myo- 
cardial infarction or signs of subendocardial injury 
(n = 158). In the ischaemic groups (II and III; cardiac 
deaths n — 90) it was the result of incomplete myocardial 
revascularisation in 25 cases (27%). In the non-ischaemic 
groups (i and IV; cardiac deaths n = 114) in 36 cases 
(3295) it was as a consequence of unidentified coexisting 
coronary artery disease. 

These data suggest that all adults should have complete 
visualisation of their coronary artery tree at the time of 
preoperative investigations and in case of existing coronary 
artery disease they should undergo complete myocardial 
revascularisation in addition to corrective cardiac oper- 
ation. 


Warm cardioplegic induction improves rate of 
recovery of myocardial function after prolonged 
storage for transplantation 


C P Young, M V Braimbridge, D J Hearse 
Rayne Institute, St Thomas's Hospital, London 


Cooling blood has detrimental effects on its perfusion char- 
acteristics. During the early moments of cold cardioplegic 
infusion the crystalloid solution cools the residual blood in 
the coronary vasculature, which may adversely affect the 
distribution of the cardioplegic solution. To investigate 
whether such an effect jeopardises myocardial preservation 
for transplantation cardioplegic induction was performed 
in rat hearts infused (60 mm Hg) with St Thomas's Hospi- 
tal cardioplegic solution. Two infusion conditions were 
studied: (a) one minute infusion at 22—24^C followed by 
two minutes at 7.5°C and (b) three minutes at 7:5°C. For 
each condition three groups of hearts (six/group) were 
studied after 0, four, and eight hours of storage at 7-5?C 
after which they were heterotopically transplanted into the 
abdomen of recipient rats. With implanted fluid filled 
intraventricular balloons cardiac function was assessed by 
constructing pressure-volume curves one, four and 24 
hours after transplantation. The groups with the initial 
warm infusion accepted a greater volume of cardioplegic 
solution than the cold groups (29 (1-7) ml v 22-3 (1:6) ml 
p < 0:05). After one hour of reperfusion the recovery of 
heart rate was poor in all six groups (NS between groups), 
but precontrol values were attained by 24 hours. In the 
eight hour storage groups the recovery of systolic pressure 
(measured at 90 ul balloon volume) recorded one hour after 
reperfusion was significantly better in the warm than the 
cold infusion groups (111-3 (7:5) v 87-4 (6-4) mm Hg; 
p < 0:05), so too were diastolic (11:2 (0:9) v 20-0 (5-6) mm 
Hg; p < 0-05) and developed pressures (100-2 (7-2) v 69-3 
(7-2) mm Hg; p < 0:05). After four hours reperfusion these 
differences in function were still apparent (91-7 (9:2) v 73-6 
(5:3) mm Hg, 14-7 (1:3) v 23:7 (4-8) mm Hg, and 77:0 (8:7) 


Proceedings of the British Cardiac Society 


v 50:4 (5:9) mm Hg for systolic, diastolic, and developed 
pressures respectively; p « 0:05), but after 24 hrs of reper- 
fusion there was no longer any difference in function 
between the groups (119-3 (8-0) v110-4 (7-4) mm Hg, 
21:3(5-7) v 24-0 (4-4) mm Hg, 98-0 (9-0) v 86-4 (8-4) for 
systolic, diastolic, and developed pressures respectively; 
NS). There were no differences in systolic, developed, or 
diastolic pressures between the warm and cold groups 
stored for 0 and four hours; (NS all parameters). 

In conclusion, warm cardioplegic induction improves 
the rate, but not the ultimate extent, of myocardial func- 
tional recovery after prolonged storage for transplantation. 


Growth pattern of paediatric hearts after 
transplantation 


A Khaghani, D Aravot, F Musumeci, S Tadjkarimi, 
Rosemary Radley-Smith, M Yacoub 
Harefield Hospital 


Growth pattern of the heart structures after paediatric 
transplantation is of great interest. To evaluate the possi- 
bility of cardiac growth after cardiac transplantation 29 
patients followed up for a minimum period of 18 months 
were studied by serial echocardiography. The recipients' 
and donors’ mean age at time of transplantation was 9 
(0:5-16) years and 12 (2:5-35) years respectively. All 
patients were treated with cyclosporin and azathioprine 
without the routine use of steroids. Echocardiographic 
assessment was performed at intervals of three months 
after transplantation. Patients’ weight increased from 40 
(SD 11-6) kg to 49 8 (15-3) kg during the period of follow 
up, ranging from 18 to 72 (mean 48) months. Left 
ventricular dimensions in diastole and systole, left 
ventricular posterior wall thickness and mass, and aortic 
root diameter were measured and plotted against body 
weight. Growth patterns of cardiac dimensions in each 
patient were compared with published growth patterns in 
normal children. The initial left ventricular dimension in 
diastole was 39-8 (3-9) mm or 94-39, (9 1%) of predicted. 
At last examination left ventricular dimension in diastole 
was 41-5 (4-3 mm) or 93-89, (18-395) of predicted. 

It is concluded that paediatric cardiac allografts are 
capable of growth. This includes cavity dimensions, left 
ventricular mass, and aortic root diameter. The rate of 
growth of the different structures is variable and may be 
influenced by the discrepancy in size between donor and 
recipient, as well as blood pressure. Longer periods of 
follow up are required to define the full growth potential of 
the transplanted paediatric heart. 


Controlled trial of physical training in chronic 
heart failure 


A J S Coats 
Department of Cardiovascular Medicine, John Radcliffe 
Hospital, Oxford 


In a controlled trial of eight weeks duration home-based 
bicycle exercise training in patients with moderate to 
severe chronic heart failure (mean age 61-8 (1:5), left 
ventricular ejection fraction 0-20 (0-02) exercise duration 
and peak oxygen uptake were increased by about 2094. 
Exercise heart rate and rate x pressure product and 24 
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hour ambulatory heart rate and blood pressure were all 
significantly reduced, consistent with reduced myocardial 
oxygen requirement. Variability in heart rate was increased 
and resting noradrenaline spillover was reduced, both 
suggesting a reduced sympathetic to parasympathetic 
autonomic balance after training. Training increased 
cardiac output at rest and on exercise primarily owing to an 
increase in stroke volume, with systemic vasodilatation. 
‘The increase in exercise tolerance after training was closely 
linked to compliance with the training programme, 
indicating the specificity of the response. 

These results suggest that carefully selected patients 
with moderate to severe heart failure can achieve 
significant and worthwhile improvements with exercise 
training and support the hypothesis that physical decon- 
ditioning may be partly responsible for some of the associ- 
ated abnormalities and exercise limitation in chronic heart 
failure. They refute the frequent but unsupported 
recommendations that regular exercise should be avoided 
in chronic heart failure. 


Inspiratory muscle fatigue and limitation of 
exercise by dyspnoea in chronic heart failure 


S W Davies 
Royal Free Hospital, London, and Hammersmith 
Hospital, London 


The mechanisms limiting exercise capacity in chronic left 
heart failure (CHF) are not known, and it seems that 
dyspnoea does not simply relate to increased pulmonary 
wedge pressure. Fatigue of the respiratory muscles has 
been described in chronic lung disease and might con- 
tribute to dyspnoea in CHF. We evaluated respiratory 
muscle function in CHF with a novel non-invasive index of 
inspiratory muscle fatigue (SR-t,,). Peak trans- 
diaphragmatic pressure and relaxation rate (ta) during 
nasal sniffs are accepted indices of respiratory muscle 
fatigue, but their measurement requires gastric and 
oesophageal intubation. The time constant of pressure 
relaxation during gasps through a Starling resistor (SR- 
Tmo) Was compared with standard nasal sniffs in normal 
subjects at rest and during fatigue; gasp SR-t,,, correlated 
well with sniff ta, (R = 0-76, p < 0-02). Ten patients with 
CHF (New York Heart Association grade III) and 10 age 
matched controls performed maximal symptom limited 
treadmill exercise. Maximum inspiratory pressure (MIP), 
maximum expiratory pressure (MEP), SR-t,,, and 
maximum hand grip strength were recorded. At peak exer- 
cise MIP and MEP decreased significantly in the patients 
with CHF but not in the controls (p < 0-01), SR-t,, 
became prolonged at peak exercise in the patients but not 
in the controls (p « 0-02) and hand grip did not change 
significantly with exercise in either group. 

These data provide evidence of respiratory muscle 
weakness and fatigue in CHF when exercise is limited by 
dyspnoea whereas the strength of non-exercising muscle 
(hand grip) is not reduced. These changes are not seen in 
normal subjects and might contribute to the limitation of 
exercise capacity in CHF. 


Interlead QT variability as a measure of temporal 
dispersion of ventricular recovery 


C P Day 
Department of Academic Cardiology, Freeman Hospital, 
Newcastle upon Tyne 
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A simple non-invasive measure of time dispersion of 
ventricular recovery would be of great clinical importance. 
Increased dispersion is thought to be an important basis for 
ventricular arrhythmias, and a decrease in dispersion 
probably explains the action of class IJ] antiarrhythmic 
drugs. QT interlead variability (dispersion) on the surface 
electrocardiogram may have potential as a measure of time 
dispersion of ventricular recovery. To examine this 
hypothesis QT dispersion was measured in three groups of 
patients. Each study entailed a situation in which 
dispersion of recovery time was expected to be minimal and 
one in which dispersion was expected to be large. In 
patients randomised to treatment with placebo or sotalol 
after myocardial infarction QTc dispersion (calculated as 
maximum QTc — minimum QTc) was significantly less in 
those receiving sotalol. In patients with a long QT interval 
associated with a history of ventricular arrhythmia 
(arrhythmogenic QT prolongation) QT dispersion was 
significantly greater than that in patients in whom a long 
QT was due to sotalol (antiarrhythmic QT prolongation). 
In patients with normal hearts QT dispersion was 
significantly less in sinus beats that with ventricular extra- 
systoles. 

Thus all three studies provide strong support for the 
hypothesis that interlead QT variability reflects temporal 
dispersion of ventricular recovery. 


The calcium release channel from cardiac 
sarcoplasmic reticulum. Characterisation of the 
channel from human hearts and its function in 
acute ischaemic injury 


S R M Holmberg 
Department of Cardiac Medicine, National Heart and 
Lung Institute, London 


The release of calcium from the sarcoplasmic reticulum 
(SR) is central to excitation-contraction coupling. In 
previous animal experiments the physiological release 
pathway has been identified as a calcium permeable ion 
channel in the SR membrane. In this study purified SR 
membrane vesicles were isolated from human hearts and, 
by fusing these vesicles with artificial planar phospholipid 
bilayers, single channel recordings were obtained under 
voltage-clamp conditions. The results provide the first 
report of the calcium release channel from human tissue 
and suggest that the channel is similar to that reported in 
other species. In addition, altered channel function does 
not seem to contribute to the impairment of calcium release 
in SR in end stage cardiac failure. Experiments also 
performed to investigate the effects of acute ischaemia on 
the calcium release channel from sheep hearts show that 
the channel is a target for early degradation during 
ischaemia. The effects of proteolysis and exposure to free 
radicals in vitro provide evidence that degradation of the 
channel leads to a phase of increased opening followed by 
loss of function. 

These results suggest that damage to the calcium release 
channel may contribute to myocardial stunning. 


Excess insulin secretion: a powerful new predictor 
of myocardial infarction of particular importance 
in Asians 


L O Hughes 
Northwick Park Hospital 
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Increased insulin concentrations have been found in 
survivors of myocardial infarction, and in some prospec- 
tive studies insulin has predicted. subsequent cardiac 
events, but its independent role and mechanism of action 
are unclear. Insulin and C peptide are secreted by the 
pancreas in equimolar concentrations, insulin being 
subject to considerable first pass removal by the liver and 
C peptide being unaffected. The association between these 
peptides and the relative risk of myocardial infarction were 
examined in 150 consecutive male survivors of first 
infarction and in controls marked for age and ethnic origin. 
The subjects were either white (n = 76) or Asian (n = 74), 
the Asians having an excess rate of ischaemic heart disease 
and diabetes. Higher concentrations of C peptide 
(p < 0:0001) and triglyceride (Tg) (p < 0-01) and lower 
concentrations of high density lipoprotein cholesterol 
(HDL) (p < 0:001) were found in the patients. In a multi- 
variate analysis the C peptide concentration and 
cholesterol/HDL ratio emerged as the most powerful 
independent predictors of cases in both ethnic groups. The 
C peptide concentration was independently associated 
with Tg concentration (p < 0-001), which itself was 
associated closely with the cholesterol/HDL ratio 
(p< 0-0001). 

These data suggest that the cluster of risk factors that 
include high insulin secretion, high Tg concentration, and 
low HDL concentration may be important to the 
development of coronary artery disease (CAD). As 
established rısk factors for CAD are lower in Asians, 
C peptide, a new marker of risk of myocardial infarction, 
which was higher in Asian than in white subjects, may 
explain both the excess of CAD and diabetes in Asian 
people. 


The heart after direct current countershock: a novel 
myocardial syndrome? 


T G Trouton 
Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast, Northern Ireland 


The mechanisms of myocardial injury after direct current 
countershocks from a hospital defibrillator were 
investigated in adult greyhounds. At one minute after five 
transthoracic shocks (400 J, damped sine wave, 0-5 minutes 
interval) lactate production occurred (mean lactate extrac- 
tion — 193 (SE 135)%) and mean peak noradrenaline con- 
centration in coronary sinus blood was 916 (313) pg/ml. 
Coronary sinus oxygen saturation rose from 42 (4)% to 63 
(2)% and mean global left ventricular myocardial blood 
flow rose from 156-9 (18-7) ml/minute to a peak value of 
221 0 (38:7) ml/minute after five shocks. Glutamate-, but 
not succinate-supported, oxidative phosphorylation in 
mitochondria isolated from hearts after five lethal shocks 
was significantly lower than that in controls (50-7 (4-9) 
nanoAtoms oxygen (nAÀO) mg mitochondria/minute v 86-6 
(13 6) nAO/mg/minute, p « 0-02). Free radicals of the 
peroxyl group were detected in heart tissue by electron spin 
resonance spectroscopy after two internal shocks (50 J), 
although there was no rise in coronary sinus malon- 
dialdehyde concentrations in the dogs after five trans- 
thoracic shocks. Though a dramatic rise in noradrenaline 
concentration was observed in coronary sinus blood after 
five shocks, there was no accompanying rise in neuro- 
peptide Y concentration, 

It is proposed that this combination of physiological 
changes, comprising reduction of oxygen utilisation, 
production of lactate, mitochondrial depression, free 
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radical generation, and increased blood flow with a rise in 
coronary sinus noradrenaline but not in neuropeptide 
concentration are characteristic of the heart after direct 
current countershock. 


Equivalent efficacy of single bolus and infusion 
dosing of recombinant tissue plasminogen activator 
in a canine model of coronary artery thrombotic 
occlusion and reperfusion 


D J Longridge, Alison Ford, M J Follenfant 
Department of Pharmacology, Wellcome Research 
Laboratories, Beckenham, Kent 


In the treatment of acute myocardial infarction throm- 
bolysis is now accepted as being of value in salvaging 
ischaemic myocardium and reducing mortality. Recent 
clinical evidence has suggested equivalent efficacy in terms 
of early coronary patency with bolus dosing of recombinant 
tissue plasminogen activator (rt-PA) compared with 
infusion dosing. The aim of this study was to evaluate the 
utility of single bolus administration of rt-PA compared 
with an infusion. Anaesthetised dogs were subjected to 90 
minute’s thrombotic occlusion of the left anterior 
descending coronary artery (LAD) after introduction of a 
copper coil on a guide wire. rt-PA (Duteplase, Wellcome 
Foundation) was administered at the same dose (0-6 
MIU/kg) over six minutes (group 1, n = 8) or 60 minutes 
(group 2, n=8). LAD patency was assessed arte- 
riographically and microvascular coronary flow by radio- 
labelled microspheres. Infarct size was determined 
histochemically after 120 minutes of reperfusion and 
plasma fibrinogen monitored throughout. LAD patency 
was restored in 43-1 (7-0) min and 42-9 (7-4) min in groups 
] and 2 respectively. Patency after 60 minutes was 88% for 
both groups. Subendocardial microvascular coronary flow 
was restored to 102-6% (27 8%) and 1143% (9-4%) (of 
control) in groups 1 and 2 respectively. There was no 
significant difference in infarct size expressed as percentage 
of area of risk (group 1, 42:195 (9:195); group 2, 46 3% 
(8-4°,)) or in circulating fibrinogen concentrations. 

Thus, in an anaesthetised dog model of coronary arterial 
thrombotic occlusion and reperfusion single bolus admin- 
istration of rt-PA achieves equivalent efficacy (LAD 
patency and microvascular coronary flow) to infusion dos- 
ing. 


Free radical activity at the time of successful 
thrombolysis: relation to left ventricular function 


S W Davies, K Ranjadayalan, D G Wickens, 

T L Dormandy, A D Timmis 

London Chest Hospital, London; Newham General 
Hospital, London; and Whittington Hospital, London 


Although thrombolytic treatment of acute myocardial 
infarction often restores coronary patency and improves 
prognosis, improvement in left ventricular function is 
small. Experimental data suggest that residual impairment 
of left ventricular function after successful thrombolysis is 
due to reperfusion injury involving free radicals, as well as 
to damage accrued during ischaemia, but there is no clin- 
ical data on this point. In 50 patients given streptokinase 
for myocardial infarction peripheral venous blood samples 
before streptokinase and two hours later were centrifuged 
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and frozen for assay of a marker of free radical activity: 
thiobarbituric acid reactive material (TBA-RM) reflects 
lipid peroxidation by free radicals. Coronary arteriography 
was performed within 72 hours of thrombolysis to deter- 
mine coronary patency. The infarct related artery was 
patent in 42 (84%) patients and occluded (TIMI grade 0 or 
1) in eight. In the 42 with a patent artery the concentration 
of TBA-RM increased after streptokinase by 105(96) 
nmoles/g/albumin, whereas in the eight with an occluded 
artery TBA concentration decreased by 147 (80) (p < 0-01 
between groups). In those with a patent artery there was a 
weak correlation between the rise in TBA-RM and left 
ventricular ejection fraction (R = —0 3, p < 0-02). 

These data show that at the time of successful throm- 
bolysis there is an increase in lipid peroxidation, which 1s 
not seen in patients in whom the artery remains occluded. 
This is the first demonstration in humans of free radical 
activity associated with documented myocardial reper- 
fusion and provides indirect evidence of reperfusion 
injury, supported by the association between a large rise in 
TBA-RM concentration and low left ventricular ejection 
fraction. 


Prediction of arrhythmic events in patients after 
infarction by heart rate variability and signal 
averaged electrocardiogram 


T G Farrell, Y Bashir, T R Cripps, V Paul, D E Ward, 
A J Camm 

Department of Cardiological Sciences, St George’s 
Hospital, London 


A total of 387 consecutive patients admitted with an acute 
myocardial infarction were assessed before discharge. 
Holter recordings were analysed for ventricular ectopic 
frequency >10/h (VE) and heart rate variability. Signal 
averaged electrocardiograms were analysed for late poten- 
tials. Clinical data and left ventricular ejection fraction 
were also recorded. Mean age was 59-2 (10 6), ejection 
fraction 50:43 (14-9), and heart rate variability 27:6 (11-4). 
Late potentials were present in 79 of the 387 patients and 
VE in 49 of the 387 patients. During follow up 20 patients 
had arrhythmic events, including sudden death or sus- 
tained ventricular tachycardia. T'hese patients had reduced 
heart rate variability (16:2 (6:9) v 27-75 (11 2); p « 0-0001) 
and ejection fraction (40-7 (15 4) v 50.99 (14 8955; 
p < 0-001). Stepwise multivariant analysis showed that 
heart rate variability followed by VE, late potentials, and 
Killip class were independent predictors of arrhythmic 
events, whereas ejection fraction, age, infarct site, and Q 
waves were not. Heart rate variability was only weakly 
correlated with age (r = —0:19; p « 0-001) and ejection 
fraction (r = 0-27; p < 0-001). Whereas reduced heart rate 
variability («20) was the most sensitive predictor of 
arrhythmic events (17/20), the positive predictive accuracy 
was 15-2% (17/112 patients). A combination of heart rate 
variability and late potentials yielded a higher positive pre- 
dictive accuracy (32-494, (12/37 patients)) than any other 
combination. 

In conclusion, a combination of heart rate variability and 
late potentials identifies a small subgroup of patients at 
high risk of arrhythmic events after acute myocardial 
infarction. These tests offer a simple non-invasive method 
of risk stratification independent of ejection fraction and 
can be obtained from a single ambulatory electro- 


cardiogram. 
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Early coronary bypass surgery after acute 
myocardial infarction 


A R Lorimer, E Varnauskas on behalf of the European 
Coronary Bypass Surgery Study Group 

Departments of Cardiology, Glasgow Royal Infirmary, 
Glasgow, and Sahlgrenska Hospital, Gothenburg, Sweden 


This is a randomised study of patients (men or women 
<65) surviving acute myocardial infarction and having a 
positive exercise test before discharge. The aim was to 
evaluate the effect of coronary bypass surgery on mortality. 
Those with a positive exercise test were considered for 
coronary angiography and for inclusion in the study when 
(a) left ventricular ejection fraction was > 30% and (b) one 
coronary artery was narrowed by > 70% and not supplying 
a dyskinetic ventricular segment. Patients randomised to 
surgery were operated on as soon as possible. Follow up 
was five years. All patients meeting clinical criteria but 
otherwise excluded were registered, and information on 
survival was obtained at two years. In all, 4658 patients 
were assessed and 3334 (71%) had an exercise test. This 
was positive in 728 (2295) and 598 had coronary angio- 
graphy. Seventy patients did not wish to take part and 18 
had severe angina requiring intervention. A total of 348 
were randomised. Baseline characteristics of each treated 
group were similar. At two years the survival in the medical 
group was 96% and in the surgical group 93%. At five 
years the figures were 88% and 91%. Thirty patients in the 
medical group required surgery within five years. In those 
patients with a negative exercise test the two year mortality 
was 895, with 895 requiring coronary bypass surgery. 

Thus, a negative exercise test does not allow com- 
placency whereas a positive exercise test does not imply 
that surgery is inevitable. 


Cardiac catheterisation 1988-9: the RITA trial 
coronary arteriogram register 


RITA Trial Steering Committee 


The Randomised Intervention Treatment of Angina 
(RITA) trial compares the long term effect of coronary 
bypass surgery and coronary angioplasty in patients treat- 
able by either procedure. In addition, a register of patients 
undergoing cardiac catheterisation is maintained in the 
RITA trial centres to assess the overall context of patient 
recruitment. The first 21 months of register forms (21 881 
patients) have been analysed. Cardiac catheterisation was 
performed during day case (14%), overnight (24%), or 
longer (6295) hospital admission. Reasons for investigation 
were angina (69%), myocardial infarction (10%), and 
valvar or other cardiac disease (2195). In patients with 
angina coronary arteriography showed single vessel disease 
in 20%, two vessel disease in 22%, and more extensive 
coronary disease in 41%. The planned management of 
patients with angina included elective coronary surgery 
(39%), elective coronary angioplasty (12%), or RITA ran- 
domisation (395), but in 4294 revascularisation was consid- 
ered to be unnecessary. Disease in more than three major 
coronary vessels (5%), left main stem disease (495), unsuit- 
able coronary anatomy (33%), and a fatal complication of 
coronary arteriography (0-195) were all criteria for exclu- 
sion from RITA. Randomisation was refused by 295 of 
patients with angina and by the referring physician in 3% 
of cases. 
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The RITA coronary arteriogram register has produced 
important information abut current British cardiac prac- 
tice. Around half of the patients catheterised for angina at 
RITA centres were referred for a revascularisation pro- 
cedure, of whom 27% were suitable for coronary angio- 


plasty. 


Does epidural neurostimulation have an 
anti-ischaemic as well as analgesic effect in patients 


with angina? 


J E Sanderson, P Brooksby, D Waterhouse, R B G Palmer 
Cardiology Department, T'aunton and Somerset Hospital, 
Taunton 


We studied 11 patients with epidural neurostimulators 
implanted for intractable severe angina to determine 
whether epidural stimulation reduces myocardial 
ischaemia as well as relieves pain. All patients showed 
improvement in symptoms. Right atrial pacing and tread- 
mill exercise testing were performed with the neu- 
rostumulator off, on, and off. The main results (mean 
(confidence interval)) are comparing off and on. With right 
atrial pacing, maximum pacing rate increased from (143 
(9-5) to 150 (6-7) beats/min; p « 0-02); total ST segment 
depression at 9095 maximum control (off) was reduced 
from 6-4 (4-0) to 5:2 (3:3) mm (p < 0:02), and at rates of 
120, 130, and 150 beats/min (p « 0:05). Maximum RPP 
was not significantly different despite higher heart rate 
(HR) because of a fall in maximum systolic blood pressure 
(135 (14) to 124 (12) mm Hg; p « 0:05) during stimulation. 
With exercise testing (n=9) exercise duration was 
increased from 445 (156) to 507 (163) (p « 0:05); total ST 
segment depression at peak exercise was less, 5:6 (3:6) to 
3:9 (3:3) mm (p < 0-01) and at 90% maximum control (off) 
HR, (3 7 (3-0) to 2-8 (3:5) mm; p « 0-01). Maximum RPP 
was not significantly different despite increased work and 
HR. 

These results indicate that epidural neurostimulation 
increases exercise duration and time to angina (right atrial 
pacing) with less ST segment depression at comparable 
RPP and therefore has an anti-ischaemic effect, which may 
in part be due to peripheral vasodilatation reducing cardiac 
work. 


Critical aortic stenosis diagnosed prenatally 


Gurleen K Sharland, Sunder K Chita, Lindsey D Allan 
Guy's Hospital, London 


Of over 450 structural cardiac abnormalities detected ante~ 


natally, critical aortic stenosis was diagnosed in 26 cases.at.. . 


presentation. The cardinal sign on the echocardiogram 
common to all cases was a poorly contracting left ventricle. 
Other features, often present but not consistent, included 
cardiac enlargement, aortic hypoplasia, restricted mitral 
excursion, an intact atrial septum, increased myocardial 
echogenicity, and abnormal aortic Doppler flow. Eight 
fetuses showed evidence of intrauterine cardiac failure. 
Sequential echocardiographic studies in three cases 
showed reduced or no growth of the mitral valve orifice, 
aortic valve size, and left ventricular dimensions so that 
these measurements became smaller for gestational age as 
pregnancy progressed. This observation was also noted in 
four fetuses in whom there was a time delay between the 
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scan and postmortem examination. Pregnancy was termi- 
nated in 13 patients. One fetus is not yet delivered, but of 
the remaining 12 continuing pregnancies there are no sur- 
vivors. There were two spontaneous intrauterine deaths 
and 10 neonatal deaths, six of which occurred on the first 
day of life. The diagnosis was confirmed in 22 cases at 
postmortem examination and in a further case at cardiac 
catheterisation. 

Critical aortic stenosis diagnosed prenatally includes a 
range of abnormalities, with some cases progressing to the 
hypoplastic left heart syndrome with advancing gestational 
age. This would account for the poor outcome in our series 
and the discrepancy between the prenatal and postnatal 
incidence. 


Transoesophageal echocardiography (TOE) in 
children with congenital heart disease 


O Stumper, R Kaulitz, N Elzenga, J Hess, G R Sutherland 
Thoraxcenter, Erasmus University, Rotterdam, and 
Sophia Children’s Hospital, Rotterdam, The Netherlands 


TOE with a dedicated single plane paediatric probe was 
performed prospectively in 57 anaesthetised children 
before either cardiac catheterisation or cardiac surgery to 
evaluate the potential of this new technique in (a) the ini- 
tial diagnosis, (b) perioperative management, and (c) the 
postoperative follow up of children with congenital heart 
disease. Age at study ranged from 9 months to 14-8 years 


(mean 5-6 years) and body weight from 47 kg to 52 kg- 


(mean 19-7 kg); 38 children weighed less than 20 kg. All 
studies were successful; no complications were encoun- 
tered. The TOE findings (imaging, pulsed Doppler, colour 
flow mapping) were correlated with the results of previous 
precordial studies and cardiac catheterisation or surgical 
inspection, or both. TOE consistently provided more 
detailed insights into the morphology and function of sys- 
temic and pulmonary venous return, both atria, the intra- 
atrial septum, Mustard baffles, both atrioventricular valves 
and their subvalvar apparatus, and the left ventricular 
outflow tract. Additional information was obtained in 31 of 
the 57 (54%) patients. Follow up studies after atrio- 
ventricular valve repair or replacement, or both, and after 
a Mustard or Fontan procedure were particularly 
rewarding. During aortic valve valvuloplasties TOE per- 
mitted the immediate exclusion of aortic regurgitation and 
monitoring of ventricular function. Intraoperative TOE 
was a valuable complementary technique to epicardial 
ultrasonography as it allowed the continuous monitoring of 
ventricular function and volume state immediately after 
bypass surgery. Problem areas for single plane TOE visu- 
alisation were the apical interventricular septum, the right 
ventricular outflow tract, and the left pulmonary artery. 
This experience suggests that the main indications for 
TOE studies in children are (a) specific atrial or atrio- 
ventricular junction lesions, (6) in perioperative mon- 
itoring, and (c) in the late follow up of atrial baffle 
procedures, Fontan procedures, and atrioventricular valve 
repair or replacement, or both. 

In anaesthetised children with congenital heart disease 
TOE is an important and safe diagnostic and perioperative 
monitoring technique. It complements precordial studies, 
providing more detailed information on specific lesions and 
cardiac function in many instances. 
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Doppler echocardiographic detection of 
anthracycline induced changes in diastolic 
ventricular function in children 


F A Bu'Lock, M G Mott, R P Martin - 
Department of Paediatric Cardiology, Bristol Royal 
Hospital for Sick Children, Bristol 


Anthracycline drugs produce dose dependent myocardial 
damage—monitoring their incremental effect on ventricu- 
lar performance provides a model for comparison of ven- 
tricular function assessment techniques. Preliminary 
results from a serial Doppler echocardiographic study are 
presented. Ninety Doppler echocardiographic exam- 
inations were performed in 51 patients aged 5 months to 22 
years between one and five times each who had received 0 
(pretreatment) to 580 mg/m? anthracyclines. Left ventric- 
ular ejection fraction was calculated from M mode dimen- 
sions. Peak early (e) and late (a) transmitral flow velocities 
were measured by pulsed wave Doppler sampling at the 
mitral valve leaflet tips and the ratio of e to a was calculated. 
Patients were divided into a pretreatment group and five 
groups of 100 mg/m? dose increments. Mean left ventricu- 
Jar ejection fraction was 72—739/, in all groups except that 
receiving ^ 400 mg/m", in which it was 67% (p = 0-015). 
There was a biphasic trend of e/a ratio with dose. The 
initial mean (SD) in the pretreatment group (n = 16) was 
1:73 (0-4), falling to 1-42 (0-3) by 100 mg/m? (n = 11), 
p — 0:02; the 35 patients receiving « 200 mg/m? had a ratio 
of e/a of 1-37 (0-03) and those receiving >200 mg/m? 
(n = 39) a ratio of 1-49 (0:3) (p = 0-04), with a peak of 1-54 
(0-2) at 300-400 mg/m? falling to 1:46 (0-3) at higher doses. 

Anthracycline treatment produces changes in left ven- 
tricular diastolic filling patterns detectable by Doppler 
echocardiography before abnormalities of systolic function 
occur. Further serial echocardiographic studies of this 
model of progressive ventricular dysfunction are indicated. 


Comparative values of intraoperative 
transoesophageal and epicardial ultrasonography 
in surgery for congenital heart disease 


O Stumper, R Kaulitz, N Sreeram, A Fraser, J Hess, GR 
Sutherland 

Thoraxcenter and Sophia Children's Hospital, Rotterdam, 
The Netherlands 


Both intraoperative transoesophageal (TOE) and epicar- 
dial (EPI) ultrasonography (two dimensional imaging, col- 
our flow mapping, and spectral Doppler) were attempted 
in 26 patients undergoing intracardiac correction for con- 
genital heart disease to determine the relative advantages 
and limitations of either technique in assessing both the 
underlying morphology and the immediate surgical 
results. Introduction of the T'OE probe was successful in 
24 patients (9295). TOE studies were restricted to studies 
before bypass alone in nine children who were intubated 
with an uncuffed endotracheal tube. T'welve patients were 
studied before and after bypass and three patients were 
studied after bypass alone. In a 4-7 kg infant introduction 
of the probe raised ventilation pressures dramatically and 
required anaesthetic management. No other complications 
were encountered during TOE. Complete EPI studies 
were performed in all patients without complications. The 
assessment of the intracardiac morphology before bypass 
was more complete with EPI. In particular the right ven- 
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tricular outflow tract, the pulmonary artery system, the 
muscular ventricular septum, and arterial override (five 
patients) could be more reliably assessed. Major disadvan- 
tages of TOE were the limited number of obtainable scan 
planes, the limited haemodynamic information that could 
be derived, and the inferior image quality. Exclusion of 
residual interventricular shunting or residual outflow tract 
gradients after bypass was impossible with T'OE but was 
reliably performed with EPI. In contrast TOE provided an 
improved insight into atrioventricular valve function after 
bypass and permitted continuous monitoring of ventricu- 
lar function during the immediate and early postoperative 
period, which was not feasible with EPI. 

We conclude that intraoperative TOE and EPI in 
surgery for congenital heart disease are complementary 
rather than alternative techniques. The definite advantages 
of TOE are that it permits continuous monitoring of ven- 
tricular function and detailed assessment of atrio- 
ventricular valve function; EPI is feasible in every patient, 
provides almost unlimited scan planes, and allows com- 
plete haemodynamic evaluation. 


Intraoperative epicardial echocardiography in 
surgery for subaortic obstruction 


N Sreeram, G R Sutherland, O F W Stumper, 

N J Elzenga, J Hess, E Bos, J M Quaegebeur 
Thoraxcenter, Erasmus University, Rotterdam, and 
Sophia Childrens’ Hospital, Rotterdam, The Netherlands 


Intraoperative epicardial imaging, colour flow mapping, 
and pulsed Doppler were used to assess surgical repair in 
15 patients with a preoperative precordial echo- 
cardiographic diagnosis of subaortic obstruction (14 “‘dis- 
crete" fibromuscular membranes, one tunnel obstruction; 
age range 2-30 years; mean 11 years). In all patients with 
surgically proved membranes epicardial imaging correctly 
identified the septal and lateral insertions of the membrane. 
Multiple levels of insertion in two patients and the lateral 
insertions in six patients were shown only by epicardial 
imaging, as was the precise extent of the tunnel obstruc- 
tion. These findings modified the surgical approach in 
three patients. Additional defects were recognised in four 
patients: (one associated ventricular septal defect, one 
calcified spur on the aortic valve mimicking a membrane, 
and two perforated aortic valve cusps). Two wrong echo- 
cardiographic diagnoses were made: a reduplicated ante- 
rior mitral leaflet was identified as the cause of subaortic 
obstruction in one patient (diagnosed by epicardial 
imaging as having a discrete membrane) and reduplicated 
echoes from a calcified aortic valve leaflet were wrongly 
interpreted as a calcified membrane in another. Epicardial 
imaging after bypass showed remnants of the membrane in 
three patients and confirmed complete enucleation in oth- 
ers. Although colour flow mapping after bypass showed 
evidence of residual outflow tract turbulence in 13 out of 15 
patients, peak systolic velocities by pulsed Doppler after 
bypass were < 2-5 m/s in all cases (confirmed on follow up 
precordial echocardiographic studies). In two patients, 
mild residual dynamic gradients due to persistent septal 
hypertrophy were recorded, which disappeared on sub- 
sequent follow up. Pre-existing mitral regurgitation (4/15 
patients) and aortic regurgitation (11/15 patients) 
remained unchanged ın the postbypass studies. 
Epicardial imaging after bypass provides superior mor- 
phological information about the precise extent and attach- 
ments of subaortic obstructive lesions and of associated 
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defects when compared with precordial echocardiography. 
Epicardial imaging, pulsed Doppler, and colour flow map- 
ping after bypass permit immediate assessment of surgical 
repair and the exclusion of significant residual obstruction, 
mitral regurgitation or aortic regurgitation. 


Value of intraoperative epicardial ultrasonography 
in Fontan type procedures 


O Stumper, GR Sutherland, N Sreeram, M van Daele, 
J Hess, E Bos, J] Quaegebeur 

Thoraxcenter, Erasmus University, Rotterdam, and 
Sophia Children’s Hospital Rotterdam, The Netherlands 


We used intraoperative epicardial imaging, colour flow 
mapping, pulsed and continuous wave Doppler before and 
after repair in 24 consecutive patients (median age 3 years 
9 months) undergoing a Fontan type procedure in order to 
evaluate any potential value of this technique for surgical 
decision making and perioperative management. The pre- 
operative diagnosis was tricuspid atresia in 13 patients, 
double inlet left ventricle in seven patients, and miscel- 
laneous lesions in four. Before bypass epicardial imaging 
refined the preoperative diagnosis in five (21%) patients, 
influencing the surgical procedure in three patients (atrio- 
ventricular connection v direct atriopulmonary anas- 
tomosis in two, Glenn shunt v atriopulmonary anastomosis 
in one). After bypass left ventricular diastolic filling and 
systolic function was monitored in all patients. Colour flow 
mapping and pulsed wave Doppler allowed the immediate 
haemodynamic results to be assessed (repair integrity and 
pulmonary blood flow characteristics). Ventricular aug- 
mentation of pulmonary blood flow was documented by 
pulsed Doppler in two out of three patients with valved 
homograft atrioventricular connections. After total 
cavopulmonary anastomosis (five patients) low velocity 
non-pulsetile flow patterns were observed. Eight 
important residual lesions were detected in six patients 
(residual intracardiac shunts in three, mitral valve 
regurgitation in three, restrictive ventricular septal defect 
in ventriculoarterial discordance 1n one, pulmonary artery 
obstruction in one. From the results after bypass an 
immediate revision during a second period of bypass was 
judged to be necessary and feasible in three (12%) patients. 
One patient with ambiguous results after bypass from 
colour flow mapping and contrast study (ultrasonic 
shadowing by prosthetic material) required early 
reoperation for residual interatrial shunting. Final studies 
documented optimal repair in 21 (87%) patients. No com- 
plications related to the technique were encountered. 

Intraoperative Doppler ultrasonography proved to be of 
unique additional value to the surgical management of 
patients undergoing a Fontan type procedure. It permitted 
refinements in the preoperative diagnosis, an excellent 
assessment of ventricular function, and the identification of 
residual lesions requiring immediate revision during a sec- 
ond period of bypass. 


Verapamil sensitive ventricular tachycardia: 
effects of vagal manoeuvres and adenosine 


M J Griffith, C J Garratt, E Rowland, Sheila Gibson, 
DE Ward, A J Camm 

St George’s Hospital, London, and Brompton Hospital, 
London 
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Right ventricular outflow tract (RVOT) tachycardia has 
been shown to be sensitive to both adenosine and verapamil 
and is thought to be due to triggered automaticity. Fascic- 
ular tachycardia is another form of ventricular tachycardia 
that is sensitive to verapamil but its mechanism is 
unknown. We studied the effects of vagotonic manoeuvres, 
intravenous adenosine (up to 0:25 mg/kg in incremental 
doses), and intravenous verapamil (0-15 mg/kg) during 
tachycardia in nine patients (mean age 31 (5) years), two 
with incessant RVOT tachycardia and seven with 
inducible fascicular tachycardia. The diagnosis was made 
at invasive electrophysiological study in all patients. No 
patient had evidence of structural heart disease. Vagal 
manoeuvres did not have any effect on any tachycardia. 
Adenosine interrupted tachycardia in both patients with 
RVOT tachycardia, for a period proportional to the dose of 
adenosine (from 25-30 s) but had no effect on tachycardia 
in any of the seven patients with fascicular tachycardia. 
Verapamil produced stuttering termination of tachycardia 
with no change in RR interval in both patients with RVOT 
tachycardia. In the six patients with fascicular tachycardia 
who were given intravenous verapamil the arrhythmia was 
slowed and then terminated (from mean RR interval of 362 
(58) ms to 488 (97) ms; p < 0-01). In four of these patients 
RR interval alternation was observed before termination. 

The lack of response of fascicular tachycardia to 
adenosine suggests that the mechanism is different from 
RVOT tachycardia. The slowing of fascicular tachycardia 
before termination with verapamil suggests the presence of 
a calctum channel dependent re-entrant circuit as a basis 
for the arrhythmia. 


Quantitative analysis of the P wave in paroxysmal 
atrial fibrillation 


P Stafford, I Turner, R Vincent 
Department of Cardiology, Royal Sussex County 
Hospital, Brighton, East Sussex 


Signal averaging of the QRS complex can identify patients 
at risk of ventricular arrhythmias, yet similar techniques 
applied to the atria have so far been disappointing. Vari- 
ability in the underlying disease of the patient groups stud- 
ied and difficulty in identifying late potentials because of 
interference by His bundle signals during the PR interval 
may account for these poor results. Using a template recog- 
nition system specific to the P wave, we recorded signal 
averaged electrocardiograms from nine patients with idio- 
pathic paroxysmal atrial fibrillation and from 15 control 
subjects. From vector magnitude plots of the P wave we 
calculated P wave duration, area ratio and root mean square 
voltage above various frequencies, and peak and mean spa- 
tial velocity. Significantly greater high frequency activity 
and spatial velocity were observed in the group of patients 
with paroxysmal atrial fibrillation (root mean square) volt- 
age >40 Hz, paroxysmal! atrial fibrillation 327 (92) mV, 
control 235 (34) mV, p = 0 03. Peak spatial velocity, par- 
oxysmal atrial fibrillation; 6 44 (1-76) mV/s, control 4:56 
(0 16) mV/s, p = 0-03). 

These observations support previous intracardiac data 
that implicate delay and fragmentation of intra-atrial con- 
duction in the pathogenesis of paroxysmal! atrial 
fibrillation. 
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Exaggerated dispersion of repolarisation provoked 
by premature ventricular stimulation: a 
mechanism for ventricular arrhythmia 


J M Morgan, A D Cunningham, A F Rickards, 
E Rowland 

Brompton Hospital, London, and National Heart 
Hospital, London 


Exaggerated dispersion of ventricular repolarisation may 
create a substrate for ventricular arrhythmia. We com- 
pared steady state variation in monophasic action potential 
duration at 90% repolarisation (MAP) between widely 
spaced right ventricular endocardial sites (range 7-14, 
mean 11) at two drive cycle lengths in two groups: group 
1 (n = 10), patients with normal right ventricular myo- 
cardium; group 2 (n = 10), patients with disease right ven- 
tricular myocardium and ventricular tachycardia (VT). 
Maximum difference in MAP,,) at 600 ms drive cycle 
length in group 1 was 41:5 (7-3) ms, falling to 27:2 (7 8) ms 
at 430 ms drive cycle length and was not significantly 
(p > 0 1) different from group 2 (31-3 (5:8) ms and 3045 5) 
ms respectively). We next investigated the effect of per- 
turbation of the steady state on difference in MAPoo 
between simultaneously recorded adjacent right ventricu- 
lar sites in 10 controls and six patients with right ventricu- 
lar disease and ventricular tachycardia. Ventricular stimuli 
of increasing prematurity were introduced on a back- 
ground of continuous pacing at 600 ms drive cycle length, 
until the effective refractory period was reached. The 
difference in MAP.) between adjacent endocardial sites 
after premature stimulation at effective refractory period 
+10 ms was significantly greater (p < 0-001) in those with 
right ventricular disease and ventricular tachycardia (45 
(24-5) ms) compared with controls (5 (6-3) ms). 

We therefore suggest that dynamic rather than static 
dispersion of MAP.) may contribute to susceptibility to 
ventricular arrhythmia. 


Acceleration of pre-excited tachycardias by 
adenosine 


C J Garratt, M J Griffith, S O’Nunain, D E Ward, 
A J Camm 
St George’s Hospital Medical School, London 


The use of intravenous adenosine has been recommended 
by several groups for the acute management of broad com- 
plex tachycardia. The short half life of this agent, however, 
has precluded assessment of its effects on refractoriness of 
accessory pathways and its effects on pre-excited tachy- 
cardias are not known. T'o assess the effects of adenosine in 
this condition it was administered to 26 patients with pre- 
excitation. Intravenous adenosine (12 mg) was adminis- 
tered to seven patients (group 1) during atrial pacing at a 
cycle length 20 ms below that required to cause stable 2:1 
conduction block in the accessory pathway (mean pacing 
cycle length 266 (35) ms). After adenosine transient 1:1 
conduction occurred through the accessory pathway in six 
of the seven patients, indicating a shortening of 
anterograde refractoriness. In two patients this effect was 
abolished after intravenous propranolol (10 mg). 
Adenosine was given to 19 patients (group 2) during 
induced pre-excited tachycardia at a mean dose of 0-16 
mg/kg (range 0-1—0-25). Pre-excited atrial flutter was accel- 
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erated in four patients owing to shortening of flutter cycle 
length (203 (5) ms to 163 (13) ms; p « 0-05). The minimum 
RR interval in pre-excited atrial fibrillation decreased in 
seven out of eight patients (259 (50) ms to 230 (42) ms; 
p « 0-01). Pre-excited junctional tachycardia was termi- 
nated in five out of seven patients. In one patient anti- 
dromic tachycardia accelerated (cycle length 340 ms to 250 
ms) owing to a sudden shortening of ventriculoatrial con- 
duction time with no detectable change in atrial activation 
sequence. 

Intravenous adenosine causes a decrease in the ante- 
rograde refractoriness of accessory pathways and a 
decrease in minimum RR interval during pre-excited atrial 
fibrillation. Adenosine may also cause an increase in the 
ventricular rate of pre-excited atrial flutter and antidromic 
tachycardia through mechanisms independent of accessory 
pathway anterograde refractoriness. 


High fidelity right atrial pressure recording 
during cardiac arrhythmias 


G C Kaye, E J Perrins 
Department of Cardiovascular Studies, Leeds 
University, Leeds 


The performance of a high resolution (33 Hz) fibreoptic 
pressure catheter within the right atrium was studied dur- 
ing cardiac arrhythmias. In 15 patients (mean age 35 years, 
nine females) undergoing electrophysiological study the 
unfiltered signal was amplified and recorded on to paper. 
During sinus rhythm and atrial pacing a constant ampli- 
tude deflection occurred during atrial systole (a wave). 
During atrioventricular re-entrant nodal (six patients) the 
a wave was simultaneous with ventricular systole (v wave), 
producing a characteristic sinusoidal pattern. In atrio- 
ventricular re-entrant tachycardia (four patients) the a 
wave produced a characteristic distortion of the sinusoidal 
pattern. In atrial fibrillation (three patients) the waveform 
was of varying amplitude and frequency, and during atrial 
flutter a waves occurred alternately with v waves. During 
ventricular tachycardia without ventriculoatrial conduc- 
tion (two patients) there were large amplitude, irregular 
deflections unrelated to the ventricular electrogram. 

High fidelity pressure recordings produced character- 
istic appearances for pattern recognition of each arrhyth- 
mia studied. It permitted determination of the temporal 
relation between electrical and mechanical cardiac events 
and may have potential in the detection and recognition of 
cardiac arrhythmias. 


Recurrence of accessory pathways after surgery: 
septal pathways and the “rim effect" 


N J Linker, M J Griffith, C J Garratt, D E Ward, 
A J Camm, D J Parker 
St George’s Hospital, London 


Surgery for atrioventricular accessory pathways was per- 
formed on 87 patients (53 male, mean age 31 years, range 
11 to 68 years) with 91 pathways. Seventy-six patients had 
ventricular pre-excitation; 44 pathways were left free wall, 
20 left posteroseptal, eight right posteroseptal, six right 
free wall, and 13 anteroseptal. Four patients had two path- 
ways (three left free wall and left posteroseptal, one left free 
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wall and anteroseptal) Endocardial dissection was per- 
formed in 74 patients, supplemented with cryoablation in 
a further four patients, seven patients had epicardial dis- 
sections plus cryoablation, and two patients had a com- 
bined approach. The pathways recurred in eight patients 
(9%), three within one week of operation and five more 
than one month from operation. Seven of the recurrences 
were in the first 50 patients. No recurrences were due to a 
second pethway. Twenty percent of left posteroseptal 
pathways and 31% of anteroseptal pathways recurred, 
while only 4% of free wall pathways recurred. Reoperation 
was successful in all patients. Two patients with recurrence 
of their left free wall pathways had pre-excitation of the 
same electrocardiographic morphology as preoperatively, 
but with a longer P delta interval. At reoperation the ear- 
liest atrial activation during tachycardia had changed to the 
left posteroseptal position. Cryoablation or incision into 
the mitral annulus in this position resulted in abolition of 
the pathways in both patients. The same phenomenon was 
subsequently observed intraoperatively in two further 
patients, and again cryoablation or incision into the mitral 
annulus in this area abolished the pathways. This pheno- 
menon can be explained by the atrial insertion of the path- 
way being in a rim of atrial tissue left on the mitral annulus 
after dissection. Thus, retrograde activation of the atria is 
through the exit of the rim in the posteroseptal region, 
whereas anterograde conduction is unchanged but pro- 
longed. 

We conclude that left posteroseptal and anteroseptal 
pathways have a higher recurrence rate than free wall path- 
ways (6/33 v 2/58; p < 0-05), and this should influence 
selection of patients for surgery. Repeat surgery is success- 
ful in abolishing these pathways. Care must be taken with 
left free wall pathways to prevent conduction through an 
atrial rim. 


Cerebral metabolic autoregulation is disturbed in 
children undergoing cardiopulmonary bypass 


A G Stuart, D W Heaviside, A McGann, 

A Aynsley-Green, S Hunter, J A Eyre 

Freeman Hospital and Department of Child Health, 
Newcastle University 


There is a high incidence of neurological morbidity after 
paediatric cardiopulmonary bypass surgery. Our hypothe- 
sis is that cardiopulmonary bypass surgery disturbs the 
autoregulation of cerebral blood flow in relation to cerebral 
metabolic rate, making children susceptible to ischaemic 
brain darnage at times of low cerebral perfusion or high 
cerebral metabolic rate. We made 73 serial measurements 
of cerebral blood flow and cerebral metabolism in 17 chil- 
dren (aged 6 weeks—6 years) undergoing cardiopulmonary 
bypass surgery. A standard anaesthetic was used (enflurane 
0-294, fentanyl 30 pg/kg, membrane oxygenator). Cerebral 
blood flow was measured with the Kety Schmidt technique 
and cerebral consumption or production of oxygen, lactate, 
and pyruvate determined by arteriosuperior jugular 
venous bulb concentration differences (AJVD) x cerebral 
blood flow. Cerebral blood flow ranged from 0-09-1:38 
ml/g/minute and cerebral oxygen consumption from 
125-4658 nmol/g/minute. Metabolic autoregulation of 
cerebral blood flow was disturbed in all children. Before 
and after cardiopulmonary bypass, high cerebral metabolic 
rates (up to three times normal) were associated with nor- 
mal cerebral blood flow. That cerebral blood flow was 
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insufficient for cerebral metabolic rate was indicated by 
AJVDO,5s up to four times normal and significant cerebral 
lactate production. The closest link between cerebral blood 
flow and cerebral metabolic rate occurred during hypo- 
thermic bypass when metabolic rates and blood flows were 
both lower than normal and AJVDO;s were close to the 
normal range. 

We conclude that children undergoing cardiopulmonary 
bypass have disturbed metabolic autoregulation, the effects 
of which are minimised during hypothermia. That this 
occurred before bypass. suggests that the stress response to 
major surgery—for example, sternotomy—may have 
adverse effects on cerebral autoregulation. 


Pulmonary autograft for aortic valve replace- 
ment: 22 years later 


S Abrams, Jane Somerville, D Ross 
National Heart Hospital, London 


Not presented 


Preserved endothelial dependent response to 
intracoronary substance P in cardiac transplant 
Tene 


S ind. M Basen. D MN A Maseri, 

A Mitchell, M Yacoub 

Cardiology and Cardiac Surgical Units, Harefield 
Hospital, Middlesex, and Cardiology Unit, Royal 
Postgraduate Medical School, Hammersmith id 
London 
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The endothelium dependent vasodilator substance P 
dilates normal and diseased coronary vessels in humans in 
vivo and produces a maximal response similar to that seen 
with intracoronary isosorbide dinitrate (ISDN). Twelve 
cardiac transplant recipients underwent intracoronary 
infusions of substance P after their annual investigations. 
All patients were well with no evidence of rejection and 
with angiographically normal coronary arteries and no evi- 
dence of accelerated coronary sclerosis. Substance P in 
increasing doses was infused at 2 ml/min for two minutes 
into the left coronary circulation in 11 transplant recipients 
and into the right coronary artery in one recipient followed 
by 2 mg isosorbide dinitrate infused over two minutes. 
Coronary artery diameters were measured in 23 vessel seg- 
ments in 12 transplant recipients. The following doses of 
substance P (pmol/l) were infused: saline, 1-4, 2-8, 5-6, 
11:2, 22-4, and isosorbide dinitrate. The mean (SE) per- 
centage increase in diameter to increasing doses of sub- 
stance P were as follows: 0 (0), 6-5 (2-9), 10-9 (2-9), 12-1 
(2-9), 16:5 (2-6), 19-2 (3-1), 25:8 (2-2) respectively. In 15 
vessel segments the maximal response occurred at the two 
maximal doses of substance P and the remainder produced 
the maximal response at the lower doses of 2-8 and 5:6 
pmol/l. The maximal response to substance P was 22% (SE 
2:595) (mean percentage change in diameter). This was not 
significantly different from that achieved with isosorbide 
dinitrate. There was preserved endothelial dependent 
vasodilation in transplanted coronary arteries to substance 
P comparable with that seen with nitrates. 

We conclude that coronary endothelial function is pre- 
served in transplant recipients and that substance P pro- 
vides a useful tool for testing endothelial function in these 
patients. 


Adenosine enhances the efficacy of hypothermic 
cardioplegic arrest 


S J M Ledingham, O Katayama, M Yacoub 


National Heart and Lung mens: London 


We o showed the beneticisi effect of adenosine 
during reperfusion after ischaemic arrest. This study was 
designed to evaluate its potential role as an additive during 
hypothermic cardioplegia in a dose-response study in the 
isolated working rat heart. With a protocol that mimics 
clinical practice in the United Kingdom groups of hearts 
were subjected to three hours of ischaemic arrest at 20°C 
with multidose infusions of St Thomas's Hospital cardio- 
plegic solution No 1 every 30 minutes. Adenosine was 


. added to the cardioplegic solution in concentrations of 0 


(control), 0-1, 5-0, 10-0, and 20-0 mmol/l. Six hearts were 
studied: in each group. The recovery of cardiac function 
was enhanced in all hearts that received adenosine, and the 
optimum concentration was found to be 10 mmol/l. Mean 
recovery of cardiac output (expressed as a percentage of its 
preischaemic contro] value) in this group was 618% 
(3-795) in contrast with 35-4% (5-195) in the control group 
(p « 0-01). Thus, in its optimal concentration, adenosine 
improved the efficacy of the cardioplegic solution by almost 
75%. Parallel metabolic studies were performed to deter- 
mine myocardial nucleotide content at various times. Ade- 
nosine significantly increased coronary flow during the 
ischaemic period, and its beneficial effect might have been 
mediated by better perfusion of the microvasculature. 

"These observations further support the suggestion that 
adenosine may have potential in surgical practice, particu- 
larly during extended periods of cardioplegic arrest. 
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Does hyperglycaemia contribute to intellectual 
dysfunction after cardiac surgery? 


S Griffin, J Hothersall, L Klinger, S Newman, 

P McLean, T Treasure 

University College and Middlesex School of Medicine 
and Middlesex Hospital, London 


Evidence from published work on animals and clinical evi- 
dence from published work on stroke and cardiac arrest 
suggests that hyperglycaemia during cerebral ischaemia 
can influence cerebral recovery after an ischaemic insult. If 
the cerebral changes that occur after cardiopulmonary 
bypass are caused by microemboli and are therefore 
ischaemic in origin then hyperglycaemia during cardio- 
pulmonary bypass may be important. 

Routine practice at this hospital has been to use either a 
5% dextrose or Hartmann’s solution prime in the cardio- 
pulmonary bypass circuit. There was no gross clinical 
difference between the two sets of patients. It was therefore 
considered ethically acceptable to study the outcome in the 
two groups in a prospective study. Seventy patients having 
elective coronary revascularisation were prospectively ran- 
domised into either of the primes. The groups were com- 
parable in age, sex, and bypass and cross clamp times. 
Neuropsychological assessment was performed with a well 
proved test battery before and eight weeks after surgery. 
Blood glucose concentrations rose to a mean of 26 mmol/l 
in the 5% dextrose group and 6 mmol/l in the Hartmann’s 
group during bypass. There were no deaths in either 
group, there were two clinical neurological events, both 
occurring in the hyperglycaemic group, and both patients 
made good recoveries. Neuropsychological deficit was 
defined as a deterioration in two or more tests of 1 SD from 
the preoperative mean group score between preoperative 
and eight week testing. With this definition there was no 
difference between the groups; 38% of patients in each 
group showed significant deficits. More detailed analysis of 
the results did, however, show differences. When score 
changes between the pre-operative and eight week tests 
were assessed it was found that in 17 out of the 18 versions 
of the tests more patients in the hyperglycaemic group 
deteriorated than did the normoglycaemic controls. With a 
two tailed binomial statistic this difference was significant. 

Hyperglycaemia may be a detrumental factor in the 
development of intellectual morbidity after cardiac 
surgery. We advocate the use of a non-glucose containing 
prime, regular monitoring of plasma glucose concen- 
tration, and the prompt correction of hyperglycaemia 
should it occur during cardiopulmonary bypass. 


Mechanical support for acute ventricular failure 


B E Glenville, A J Kirk, I Clark, C J Hilton, J H Dark 
Regional Cardiothoracic Centre, Freeman Hospital, 
Newcastle Upon Tyne 


In 1989 a total of nine adults had short to medium term 
ventricular assistance with the Centrimed centrifugal 
pump. The eight male patients and one female patient (age 
range 21 to 54 years) all had severe ventricular failure that 
could not be managed without full support for one to five 
days. Six patients had left ventricular assistance, one had 
bilateral support, and the remaining two patients had right 
sided support only. Complications included severe bleed- 
ing necessitating further exploration and renal failure; 
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there were no problems from emboli or from failure of the 
centrifugal pump itself. Of the four survivors, two had 
peritransplantation acute heart failure, one was used as a 
deliberate bridge to cardiac transplantation after arrythmia 
surgery, and the fourth was weaned from his device after 
five days of support. The survivors all had their device 
inserted az an early phase in their decline, illustrating the 
importance of patient selection and timing. All survivors 
were New York Heart Association class I, including the 
one weaned patient, whose ventricle was barely contracting 
at the time of insertion. 

The cost of the centrifugal pumps is cheap relative to the 
cost of sophisticated ventricular assist devices and provides 
encouraging results for medium term support. The use of 
these pumps in the context of acute cardiogenic shock may 
prove worth while. 


Potential impact of population screening for 
prenatal diagnosis of congenital heart disease 


S Cullen, R Franklin, Gurleen Sharland, Lindsey Allan, 
I Sullivar 
Hospital for Sick Children and Guy's Hospital, London 


Mid-trimester screening for detection of congenital heart 
disease (CHD) is now advocated in the United Kingdom. 
To assess the potential impact we reviewed 350 consecutive 
neonatal admissions up to September 1989 (group A), and 
prospectively assessed 81 consecutive infants admitted 
since then (group B) at a single centre. Severe CHD was 
defined as lesions requiring high risk, multiple, or purely 
palliative surgery for survival. In group A 167 and of 350 
(47%) patients, all with severe CHD, could have been 
detected an a screening four chamber view at 18—20 weeks’ 
gestation. In group B 55 out of 81 (68%) patients, all with 
severe CHD, were potentially detectable prenatally; 16 out 
of 26 of the remainder also had severe CHD. Only 1 out of 
81 (1945) did not have CHD. All 81 had received fetal ultra- 
sonography, but scanning was performed only before 18 
weeks’ gestation in 54 out of 81 (67%), too early to reliably 
detect CHD. Six out of 81 (795) were high risk pregnancies 
for CHD, and 6 out of 81 (7%) had extracardiac anomalies. 
Third trimester diagnosis of severe CHD occurred in five 
cases. Reassurance to mothers that the fetal heart was nor- 
mal had been provided in 37 out of 81 (46%). Forty one out 
of 71 (58%) mothers in group B with infants with severe 
CHD volunteered their preference for termination of preg- 
nancy if mid-trimester diagnosis had been available. 

Consequently, midtrimester detection of CHD rarely 
occurs despite almost universal fetal scanning. Major train- 
ing at primary scan level and modifications of the timing of 
existing fetal anomaly scanning is required, but the poten- 
tial impact of effective screening on the incidence of severe 
CHD postnatally is considerable. 


Use of flecainide in fetal atrial tachycardia 


Lindsey Allen, Sunder Chita, D Maxwell, 
Kim Priestley, Gurleen Sharland 
Guy's Hospital, London 


Flecainide 1s a potent antiarrhythmic drug that has been 
shown to be valuable in treating atrial, junctional, and ven- 
tricular arrhythmias. After recent reports of the adverse 
side effects of flecainide treatment, however, it has been 
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advised that this drug should be confined to high risk 
patients and those with life threatening arrhythmias. The 
intrauterine development of a fetal tachycardia and heart 
failure is a life threatening condition for the fetus with a 
mortality that is reported to be between 20% and 50%. 
Many drugs have been reported to be useful in the treat- 
ment of fetal tachycardias—for example, digoxin, vera- 
pamil, quinidine, procainamide, amiodarone, and 
propranolol—giving some indication of the difficulty of 
managing these cases successfully. We used flecainide in a 
group of 13 patients for a fetal atrial tachycardia associated 
with intrauterine cardiac failure. Eleven of the 13 patients 
responded by conversion to sinus rhythm. One fetus died 
in utero and one fetus the rhythm subsequently converted 
with alternative treatment. Of the 11 patients, nine were 
alive and well three months to two years after delivery and 
two are not yet delivered." These results compare favour- 
ably with previous forms of antiarrhythmic treatment used 
in the fetus. 

Flecainide is a useful drug in selected cases of fetal atrial 
tachycardia associated with intrauterine cardiac failure, 
but its use should be restricted to centres experienced in 
the management of these cases. 


R wave synchronised atrial pacing as an adjunct 
to the management of His bundle tachycardia 
after surgery 


JA Till, M L Rigby, E Rowland 
Brompton Hospital, London 


Eleven children aged 3 days to 13 years were treated with 
R wave syndronised atrial pacing for His bundle tachy- 
cardia (HBT) after bypass cardiac surgery for various car- 
diac anomalies. All patients developed severe low cardiac 
output with the onset of HBT. Maximum rate of HBT was 
170—250 beats/min. Eight children were treated with anti- 
arrhythmic drugs, including amiodarone in six, flecainide 
in one, and digoxin in three, with some decrease in rate. 
Ten children were surface cooled to a core temperature of 
32°C or less, which similarly resulted in a decrease in rate 
without restoration of sinus rhythm. Atrial pacing restored 
atrioventricular synchrony in each patient. The pacing 
stimulus was synchronised either manually or auto- 
matically to the R wave of the HBT so that atrial depolar- 
isation preceded the next R wave by an appropriate PR 
interval. The blood pressure increased immediately with 
the onset of atrial pacing in 10 (mean 15 mm Hg). This was 
associated with an increase in urine output and allowed a 
decrease in inotropic support. One child developed atrial 
flutter necessitating cardioversion but no other side effects 
were seen. Despite these measures four children died. Of 
the 7 survivors, six sustained sinus rhythm which devel- 
oped from 2 to 10 days after the onset of HBT. One child 
has severe neurological impairment as a consequence of 
low cardiac output, the others are alive and well. 

The R wave synchronised atrial pacing is a useful 
adjunct to the management of life threatening HBT after 


surgery. 
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Effect of balloon dilatation of right ventricular 
outflow tract on size of pulmonary valve annulus 
and arteries in tetralogy of Fallot 


R Anjos, SA Qureshi, Alison Hayes, J] M Parsons, E J 
Ladusans, E J Baker, M Tynan 
Guy's Hospital, London 


The effect of balloon dilatation of right ventricular outflow 
tract on the pulmonary valve annulus and arteries was eval- 
uated in six children with tetralogy of Fallot who required 
palliation for increasing cyanosis. À total of 13 procedures 
were performed. The age at the first balloon dilatation 
ranged from 0 6 to 12-7 months (mean 7-2 months). The 
diameters of the pulmonary valve annulus and right and 
left pulmonary arteries were measured angiographically 
before the balloon dilatation and a mean of 4:8 months 
(range 1:5—9-6 months) later at the next procedure Pul- 
monary valve annulus diameter increased from 7-1 (2:2) 
mm before to 98 (24) mm after balloon dilatation 
(p = 001); diameter of the pulmonary arteries increased 
from 6-9 (1:9) mm to 8-9 (1 7) mm on the right (p < 0-01) 
and 6:7 (2:6) mm to 8 0 (2-6) mm on the left (p < 0 01). 
Predicted right ventricular to left ventricular systolic pres- 
sure ratio after surgical correction without a transannular 
patch based on these measurements decreased from 0:8 
(0 22) before to 0-58 (0-10) after balloon dilatation. No 
surgical shunts were required for palliation. Three of the 
patients had surgical correction at a mean age of 18 months. 
In conclusion, these results show that there is an increase 
in size of the pulmonary valve annulus and pulmonary 
arteries after balloon dilatation in tetralogy of Fallot. 


Continuous wave Doppler after surgical repair of 
coarctation of the aorta 


K C Chan, D F Dickinson, G A Wharton, J L Gibbs 
Killingbeck Hospital, Leeds 


High flow velocities in the descending aorta may some- 
times be detected by continuous wave Doppler after satis- 
factory repair of coarctation. To investigate this 
phenomenon the pressure gradient across the aortic arch 
and flow velocities in the descending aorta were measured 
simultaneously in 20 patients aged 4 7 to 33 years under- 
going cardiac catheterisation. Peak to peak and instanta- 
neous peak pressure drop across the arch were measured 
with a double lumen catheter. Velocity in the descending 
aorta was recorded with a continuous wave transducer 
from the suprasternal notch and peak pressure drop was 
calculated with the modified Bernoulli equation. Catheter 
instantaneous peak gradient was higher than peak to peak 
in all but one case with variable differences (—2 to +31 
(mean 12:4) mm Hg) between the two measurements. Sim- 
ilarly, Doppler instantaneous peak gradient was higher 
than catheter peak to peak with differences of —3 to +28 
(mean 11 5) mm Hg. Comparison of Doppler and catheter 
instantaneous peak gradient showed a mean difference of 
only 0:9 mm Hg, but individual differences ranged from 
—17 mm Hg to +22 mm Hg. These errors may be due to 
poor alignment with flow, inability to measure and correct 
for proximal flow velocity with continuous wave Doppler, 
and complex flow dynamics in the aortic arch. 
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Continuous wave Doppler gradient after repair of 
coarctation must be interpreted with caution. It is almost 
always higher than peak to peak pressure drop at catheter 
and even when compared to instantaneous peak gradient, 
measured invasively it may importantly overestimate or 
underestimate pressure drop. 


Primary balloon coarctation aortoplasty in 
neonates 


A N Redington, P Booth, D F Shore, M L Rigby 
Brompton Hospital, London 


Primary balloon coarctation aortoplasty was attempted in 
10 consecutive neonates (age range 2-23 days) with 
coarctation of the aorta. Associated abnormalities included 
transposition of great arteries (one), ventricular septal 
defect (five) and ductus artenosus (five, including three 
receiving alprostadil). It was not possible to cross the 
coarctation site in one patient. In two patients with severe 
isthmal hypoplasia there was no change in the gradient 
after dilatation. In the remainder the residual gradients 
were trivial (gradient before dilatation, 33 (13), after 7 (8) 
mm Hg, p < 0:001) and angiography showed complete 
relief of coarctation. Two patients subsequently had no 
evidence of recoarctation 22 and 37 weeks after dilatation. 
Five developed severe recoarctation between 5 and 12 
weeks after dilatation.  Recoarctation was rapidly 
progressive in three, there having been no appreciable 
gradient on Doppler as recently as two weeks before its 
development, and more slowly progressive in two. Three 
patients underwent a second dilatation procedure. One 
patient subsequently remained well with no residual gra- 
dient 18 weeks later. Restenosis occurred within eight 
weeks in the other two. All failures have undergone suc- 
cessful surgical repair. 


Primary balloon aortoplasty can be performed in most": 


neonates with excellent immediate results. Severe isthmal 
hypoplasia is, however, a contraindication to balloon 
dilatation and early restenosis is an important problem. 
These results do not support the continued use of primary 
balloon coarctation aortoplasty in neonates. 


Standardised exponential exercise protocol 


D B Northridge, ] McMurray, S Ray, ] Christie, 

S Grant, H J Dargie 

Department of Cardiology, Western Infirmary, Glasgow 
and University Department of Physiology and Sports 
Science, Glasgow 


The development of a standardised exercise protocol has 
been hindered by the use of different exercise modes. On a 
treadmill work at each stage is dependent on body weight, 
but during bicycle exercise work is weight independent. 
We have designed a new treadmill protocol with one 
minute stages, beginning at a low workload (predicted oxy- 
gen consumption (Vo;) 7 ml/kg/min) and increasing 
exponentially to a predicted Vo, of 50 ml/kg/min after 15 
minutes (standardised exponential exercise protocol 
(STEEP) test). After adjustment for body weight this pro- 
tocol is also suitable for a bicycle ergometer. The STEEP 
test was initially validated in 30 normal male subjects (aged 
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29-55), each of whom performed the two protocols in ran- 
dom order. The mean Vo, rose exponentially, and close 
agreement was observed between the treadmill and the 
bicycle protocols. A higher proportion of subjects com- 
pleted the treadmill protocol (27 v 15; p < 0-005). Sub- 
maximal heart rates were slightly higher during the bicycle 
test. Twenty subjects with mild to moderate heart failure 
(VO2max 12-25) were then exercised to symptom limited 
maximum with the STEEP tests. The mean Vo; was sim- 
ilar for each stage of the treadmill and the bicycle protocols, 
as in the normal subjects. Exercise time and V0;,,,, were, 
however, significantly higher with the treadmill test. 
This protocol is the first to use an exponential rise in 
workload. By adjusting for body weight similar mean Vo; 
was obtained for each stage of the bicycle protocol as the 
treadmill protocol in both normal subjects and patients 
with heart failure. As VO4,,, is higher with treadmill test- 
ing, however, the exercise time is also significantly longer. 


Role of intraoperative epicardial 
ultrasonography in surgery for congenital heart 
disease 


O Stumper, N Sreeram, M van Daele, R Kaulitz, 

J Hess, J Quaegebeur, E Bos, G R Sutherland 
Thoraxcenter, Erasmus University, Rotterdam, and 
Sophia Children’s Hospital, Rotterdam, The 
Netherlands 


In a prospective study we used intraoperative epicardial 
echocardiography (cross sectional imaging (epi-2D)), col- 
our flow mapping (CFM), and pulsed and continuous wave 
Doppler <PW, CW) in 308 patients both before and after 
cardiopulmonary bypass for total correction of congenital 
heart disease to determine the potential value of this tech- 
nique in surgical management. Lesions studied were iso- 
lated ventricular septal defect (76), atrial septal defect 
(eight), atrioventricular septal defect (31), Ebstein’s mal- 
formatior: (nine), Fontan procedures (24), transposition of 
great arteries (45), Fallot (19), double outlet right ventricle 
(11), left ventricular outflow tract obstruction (15), aortic 
or mitral disease (16), miscellaneous (36), and reoperations 
(18). Studies before repair (epi-2D, CFM, PW) refined the 
pre-operative diagnosis in 87 (28%) patients; this 
influenced surgical management in 36 (12%) and altered 
the preoperative diagnosis in 10 (3%). Studies before 
bypass were, however, incomplete (11 patients) or mis- 
leading (seven patients) in 6% of the patients. 

Studies after repair permitted the immediate assessment 
of the surgical repair, and the monitoring of volaemia and 
ventricular function and aimed at excluding any significant 
residual lesion. Based on the results of these studies imme- 
diate revision during a second period of bypass was per- 
formed in 10 (3:395) patients. The haemodynamic 
information obtained was valuable for postoperative man- 
agement in about a quarter of the patients. Only two 
patients required early reoperation (one because of missed 
lesions, one because of misinterpretation). Problems inher- 
ent in the interpretation of the epicardial studies were (a) 
flow masking behind prosthetic material used for the 
repair; (5) limited access (large transducers relative to ster- 
notomy); (c) multiple transducers being required for com- 
plete investigations; and (d) difficulty in measuring 
residual lesions. On line interpretation is a problem. Rele- 
vant complications were not encountered. 

The major contributions of intraoperative Doppler 
ultrasonography to surgery for congenital heart disease are 
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that it can yield new or more detailed morphological infor- 
mation before repair, it is remarkably accurate in the 
identification of significant residual lesions, and it is valu- 
able in the complex interactions of volume state and ven- 
tricular function after bypass. 


Ambulatory haemodynamic monitoring: a new 
method for simultaneous recording of pulmonary 
and systemic arterial pressures and ST segment 


G Brigden, P Cashman, E B Raftery 
Cardiology Department, Northwick Park Hospital, 
Harrow 


A modified (digital) Oxford system for recording intra- 
arterial blood pressure and frequency modulated electro- 
cardiogram has been combined with a new method for long 
term pulmonary artery pressure monitoring. A catheter tip 
manometer is inserted into the pulmonary artery in a spe- 
cially profiled sheath which allows isolation of the sensor 
for in vivo gain and zero drift calibration. All signals are 
recorded on to a modified MR10 recorder, pressure waye- 
forms being in digital format, sampled at 40 Hz with 0:3 
mm Hg resolution. The frequency response of the sheath 
or sensor was flat from 1 to 20 Hz with negligible phase 
distortion or square wave overshoot. The recording reply 
system has a band width of 20 Hz and was linear within 0-6 
mm Hg from 0 to 70 mm Hg. Beat by beat pulmonary 
artery pressures obtained by this system simultaneously 
with an on line statham P50 transducer showed preserved 
waveforms and pressures within 0:3 mm Hg (systolic) and 
2-0 mm Hg (diastolic) during pacing tests. Recordings in 
24 subjects over 24—58 hours gave a pulmonary artery pres- 
sure range of 17/2-57/34 mm Hg. Each recording had 5~10 
calibrations showing start end zero drift of —2 to +2 mm 
Hg, with some intermediate calibrations giving —3-5 to 
7:5 mm Hg drift; in the latter case the transducer failed. 
Reproducibility between days 1 and 2 of the recording 
(n = 20) was 1 8/0-9 mm Hg. 

This system provides accurate long term pressure 
recordings combined with ST segment analysis for the 
study of myocardial ischaemia and function and for the 
assessment of interventions. 


Angiographic and ischaemic correlates of 
transient dilatation of the left ventricle on 
dipyridamole stress thallium-201 testing 


E Rodrigues, P Chouraqui, F Prigent, D S Berman, 

J Areeda, G Silagan, J] Maddahi 

Cedars-Sinai Medical Centre, Los Angeles, California, 
and Walton Hospital, Liverpool 


The occurrence and significance of transient ischaemic 
dilatation of the left ventricle (TID) during dipyridamole 
thallium-201 scintigraphy was studied in 73 patients 
undergoing coronary angiography. The TID ratio was cal- 
culated by dividing the computer derived left ventricular 
area on the initial anterior planar image by the image at four 
hours. The extent of ischaemia was assessed by using the 
Thallium 201 reversibility score (initial—four hour score) 
and a score of > 7 used to represent extensive ischaemia. In 
11 patients with non-significant (<50%) stenosis the TID 
ratio was 0-98 (0-046). An abnormal TID (>3 SD) was 
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defined as >1-12. The 15 patients with abnormal TID had 
a higher incidence of critical (290%) stenosis (93%), col- 
laterals (67%), and extensive ischaemia (54%) and a lower 
incidence of myocardial infarction (33%) than the 58 
patients with a normal ratio (55%, 24%, 12:594, and 72% 
respectively; p < 0-05). The incidence of dipyridamole 
induced positive electrocardiograms, increased lung 
uptake and chest pain was not significantly different. An 
abnormal TID ratio was a sensitive (63%) and specific 
(85%) marker of triple vessel critical coronary disease. 
Thus, TID may be observed during dipyridamole 
thallium-201 testing and implies extensive myocardial 
ischaemia caused by underlying critical coronary stenosis. 


Adverse respiratory reactions to intravenous 
dipyridamole for myocardial stress thallium 
studies 


A C Keech, J S McCarthy, C J Norcott, G Gill, 

L B Arkles, A W F Hamer 

Departments of Cardiology and Nuclear Medicine, 
Repatriation General Hospital, Heidelberg, Melbourne, 
Australia 


To assess whether the use of dipyridamole stress in myo- 
cardial thallium studies is associated with adverse respira- 
tory effects 22 consecutive adults (12 subjects with chronic 
reversible airflow obstruction and 10 with no history or 
signs of respiratory disease) referred for imaging were 
studied with serial spirometry before and during the stress 
imaging procedure. Triplicate measures of forced 
expiratory volume in one second (FEV,) were taken at 
baseline, at subsequent spirometry repeated 10 minutes 
after starting dipyridamole infusion (0-57. mg/kg), and 
again at 25 minutes after initial cardiac imaging. Analysis 
of variance was used to assess the effect of the drug on 
respiratory function. Individual responses were varied, but 
overall there was a significant decline in FEV, from base- 
line, with a mean (SE) reduction of 42 (9) ml (p < 0:0001) 
at 10 minutes and of 48 (9) ml (p < 0 0001) at 25 minutes; 
in most cases the change was asymptomatic. In those with 
chronic reversible airflow obstruction resting FEV, fell by 
4-5% (58 (11) ml; p < 0-0001) at 10 minutes, and by 4-795 
(61 (11) ml; p « 0-0001) at 25 minutes compared with falls 
of 1-094 (22 (15) ml; NS) and 1:494 (33 (15) ml; p < 0-05) 
at 10 and 25 minutes in those without respiratory disease. 
In two subjects, both with chronic reversible airflow 
obstruction, symptomatic worsening breathlessness devel- 
oped associated with falls in FEV, of 12% (196 ml) and 
23% (123 ml) respectively. In one, breathlessness and 
change in FEV, abated spontaneously by 35 minutes. The 
other subject and another subject with a fall of 11% (160 
ml) without breathlessness were given intravenous amino- 
phylline with prompt alleviation of symptoms and changes 
in FEV,. In none did examination or lung uptake support 
a diagnosis of pulmonary congestion. Changes in FEV, 
were unrelated to presence or absence of reversible myo- 
cardial thallium defect. 

The use of intravenous dipyridamole for cardiac studies 
can cause reduction in FEV, sufficient to be clinically 
important for those subjects with known chronic reversible 
airflow obstruction and can induce clinical asthma. Amino- 
phylline seems rapidly to reverse these effects and should be 
available for immediate intravenous use should this occur. 
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Role of transoesophageal echocardiography in 
evaluation of atrial baffle function 


Renate Kaulitz, O Stümper, R Geuskens, N Sreeram, 
N Elzenga, C Chan, J Burns, M Godman, 

G R Sutherland 

Thoraxcenter Erasmus University, Rotterdam, The 
Netherlands, and Royal Hospital for Sick Children, 
Edinburgh 


Abnormalities of atrial baffle function can develop early or 
late postoperatively after an atrial correction procedure and 
may occur in patients with and without symptoms. Meth- 
ods previously used to assess atrial baffle function have 
included precordial echocardiography and cardiac cath- 
eterisation. Single plane transoesophageal echo- 
cardiography (TOE) can provide an optimal assessment of 
the atrial morphology and flow patterns within both atrial 
chambers. To evaluate whether TOE offers an alternative 
Investigative approach to the spectrum of atrial baffle 
abnormalities we investigated 15 patients (14 Mustard, one 
Senning; mean age 16-3 years) on an outpatient basis (eight 
adults) or under heavy sedation or during general an- 
aesthesia for cardiac catheterisation (seven children). TOE 
findings were compared with those derived from precordial 
echocardiography and cardiac catheterisation in every case. 
Furthermore, the transoesophageal scan planes that must 
be recorded for evaluation of the whole systemic and pul- 
monary venous pathways were correlated with anatomical 
specimens. As precordial ultrasonography permitted the 
visualisation only of the supramitral portion of the sys- 
temic venous pathway it failed to identify the wide range of 
systemic venous baffle abnormalities present (3/15). TOE 
studies using cross sectional imaging, colour flow mapping, 
and pulsed Doppler showed superior limb obstruction in 
six patients (three severe, three mild), mid-baffle obstruc- 
tion in two, and inferior limb obstruction in two. The 
entire pulmonary venous pathway could be scanned by 
both TOE and precordial echo cardiography. Both tech- 
niques identified three cases of mid-pulmonary venous 
obstruction (two mild, one moderate). Individual pul- 
monary vein velocity profiles however, could be recorded 
only with TOE pulsed Doppler. Precordial studies 
detected residual baffle leaks (one large, two small), in only 
three patients whereas TOE flow mapping identified 11 
such baffle leaks (one large, 10 small), which in two patients 
were multiple. 

We conclude from these findings that TOE was of great 
additional value in the definition of a range of often clin- 
ically unsuspected baffle abnormalities. In our opinion it is 
likely to become the investigative method of choice for 
baffle malfunction. 


Residual ductal tissue in aorta: histological study 
in resected specimens of coarctation 


K Watterson, G Russell, J P Dhasmana, J D Wisheart 
Royal Bristol Hospital for Sick Children, Bristol 


Subclavian flap aortoplasty for coarctation repair in the 
first three months of life has been associated with a 
significant incidence of recurrence. Having had such an 
experience, we extended the use of resection and end to end 
anastomosis to this age group. The histological findings in 
23 specimens resected between 1985 and 1987 are reported 
and the implications for recurrent coarctation are dis- 
cussed. In 22 of the 23 specimens there was a circum- 


Proceedings of the British Cardiac Society 


ferential sling of ductal tissue around the aorta at its 
junction with the ductus. In all 22 cases projections of 
ductal tissue extended distally for a variable length from 
the sling. These projections were on the side of the aorta 
opposite the ductus and on the aorta below its junction with 
the ductus. T'he most distal part of the projections were not 
completely excised in 11 patients. The aortic incision in 
subclavian flap aortoplasty is likely to be within the 
projection of ductal tissue opposite the ductus and may or 
may not extend beyond it into normal aortic tissue. There 
would then be a residual oblique circumferential sling of 
ductal tissue passing beyond the apex of the flap, the mat- 
uration of which could lead to recurrence coarctation. 

In conclusion, these findings suggest a histopathological 
basis for recurrence of coarctation after subclavian flap 
aortoplasty and support the view that the flap should 
extend far down the descending aorta. 


Magnetic resonance imaging: evaluation of the 
pulmonary arteries in right heart obstruction 


Alison Hayes, J M Parsons, E J Baker, Phillipa Graves, 
R Anjos, S A Qureshi, M Tynan 
Guy's Hospital, London 


Since November 1987 the pulmonary arteries of 30 
patients (age range 0-03 to 12-8 years, mean 3-0 years) with 
obstruction of the outflow of the right ventricle have been 
studied with a 1:5 T magnetic resonance imaging system. 
Fifteen had tetralogy of Fallot, two double outlet right 
ventricle with pulmonary stenosis, and 13 pulmonary 
atresia. Nineteen of the studies used a head coil (32 cm) and 
the remainder ın the older age group used the standard 
body coil. All 30 children had echcardiography before 
magnetic resonance imaging and 27 had angiography. 
Multiple slices (5-7 mm thick) were acquired in straight or 
oblique transverse and coronal planes, depending on indi- 
vidual anatomy. The images obtained were subsequently 
reviewed to evaluate our ability to show pulmonary artery 
anatomy. In two patients presence of central pulmonary 
arteries was excluded. In 27 of the patients the pulmonary 
trunk, the bifurcation, and right pulmonary artery up to 
the first hilar branch were well demonstrated. The left 
pulmonary artery was more difficult to image successfully. 
It was umaged in its entirety in 12, these patients being 
predominantly in the most recent part ofthe series. Only 
the proximal portion was imaged in another 12 patients. In 
three patients the imaging of the left pulmonary artery was 
unsuccessful. The best images of the left pulmonary artery 
were obtained in various planes in different patients. The 
most consistently successful plane was oblique coronal 
planned from the initial transverse images. 

Magnetic resonance imaging of the pulmonary arteries 
in patients with congenital heart disease is a valuable addi- 
tional technique, but successful imaging requires careful 
selection of appropriate oblique imaging planes. 


Comparative roles of epicardial and precordial 
echocardiography in the nssessment of surgical 
repair for congenital heart defects 


N Sreeram, R Kaulitz, O F W Stumper, J Hess, 

J M Quaegebeur, G R Sutherland 

Thoraxcenter, Erasmus University, Rotterdam, and 
Sophia Children's Hospital, Rotterdam, The 
Netherlands 
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In 94 consecutive patients (age range 3 days-68 years; 
mean 7 years) undergoing surgical repair of a congenital 
heart defect via a median sternotomy the results of epicar- 
dial cross sectional (epi-2DE) and Doppler colour flow 
imaging after bypass were compared with those of 
sequential precordial echocardiography (a) within 24 
hours of surgery and (b) after hospital discharge. There 
were two intraoperative deaths and two early deaths 
(within 10 days of surgery) associated with poor systemic 
ventricular function on epi-2DE. In the remainder during 
subsequent precardial echocardiography the systolic blood 
pressure was greater than at epi-2DE by a mean of 24 mm 
Hg (range —15 to +40 mm Hg). In six out of seven 
patients with significant residual defects, epi-2DE and 
Doppler colour flow imaging correctly identified the 
defect, enabling surgical revision during a second period of 
bypass. In one patient a residual shunt at atrial level after 
a total cavopulmonary anastomosis was identified by con- 
trast precordial echocardiography 24 hours later and 
required immediate reoperation. Minor degrees of peri- 
patch shunting was a common finding, and persisted at the 
time of hospital discharge in 17 out of 46 patients who had 
undergone patch closure of a ventricular septal defect as 
part of the surgical procedure. Additional trabecular ven- 
tricular septal defects were missed on epicardial colour flow 
imaging in three patients, one of whom required sub- 
sequent reoperation. Epi-2DE with spectral Doppler 
underestimated residual outflow tract gradients in five 
patients who had calculated instantaneous systolic gra- 
dients on follow up precardial echocardiography of 
between 50 and 70 mm Hg. Residual left atrioventricular 
valve regurgitation after repair of complete atrioventricular 
septal defect was also underestimated by epicardial colour 
flow imaging in three patients. 

Epi-2DE and Doppler colour flow imaging permits the 
recognition of the majority of residual defects requiring 
immediate reoperation. Documentation of poor ventricu- 
lar function after bypass was associated with a higher mor- 
tality. Assessment of residual outflow tract gradients or 
valve regurgitation by epicardial echocardiography is, 
however, inaccurate in view of the rapidly changing hae- 
modynamics. 


Intraoperative ultrasound assessment of the 
arterial switch operation 


M van Daele, G R Sutherland, N Sreeram, O Stümper, 
J Hess, J Quaegebeur 

Thoraxcenter, Erasmus University, Rotterdam, Sophia 
Children's Hospital, Rotterdam, The Netherlands 


The arterial switch operation induces acute changes in 
both ventricular function and geometry. The time course 
and nature of these changes immediately after bypass and 
their relation to the final outcome has not previously been 
documented. Final outcome is also determined by other 
factors such as successful coronary reimplantation and 
unobstructed great vessel anastomosis. Intraoperative 
ultrasound studies might be able to monitor the changes in 
both global and segmental left ventricular function and 
define any significant residual anatomic lesion. Therefore 
37 consecutive patients (31 neonates) undergoing a switch 
operation were studied prospectively by epicardial ultra- 
sonography using cross sectional and M. mode echo cardio- 
graphy, colour flow mapping, and spectral Doppler. 
Echocardiography before bypass documented the relative 
size and function of the left and right ventricles and septal 
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geometry and motion. Ventricular septal defect mor- 
phology was confirmed in 13 patients. Unsuspected mor- 
phological findings were documented in four patients 
(11%). Adequate visualisation of coronary morphology 
was difficult and two out of three intramural coronaries 
were missed. Studies after bypass showed that the increase 
in left ventricular size and changes in the geometry of both 
ventricles were immediate. There was wide variation in 
early left ventricular function as assessed by M mode echo- 
cardiography and computer assisted cross sectional wall 
motion analysis, which did not relate to final outcome (no 
deaths intraoperatively and only one postoperatively). On 
line left ventricular function assessment was valuable in 
optimising volume loading and inotropic treatment. Septal 
dyskinesia was a common finding. Discrete segmental dys- 
kinesia of the posterior left ventricular wall was seen in one 
patient, leading to the diagnosis of a circumflex artery com- 
pression; immediate surgical revision (Lecompte manoeu- 
vre) resulted in rapid normalisation of posterior wall 
motion. Further residual lesions documented but not 
required surgical revision included mild neoaortic (two 
patients) or neopulmonary (five patients) incompetence 
and three tiny ventricular septal defects. Immediate aortic 
or pulmonary anastomotic gradients were excluded in all. 

We have confirmed that intraoperative ultrasonography 
provides unique information on the acute changes in left 
ventricular geometry and function after a switch pro- 
cedure, and that it is a sensitive method for the exclusion 
or diagnosis of any significant residual morphological 
lesion. 


Ventricular septal defect in Yucatan miniature 
pigs 


S Y Ho, R P Thompson, D R Bodison, M M Swindle, 
P C Gillette, R H Anderson 
National Heart and Lung Institute, London 


In an effort to associate morphological features of ventric- 
ular septal defect with patterns of inheritance we studied 
the hearts from a colony of Yucatan miniature pigs with 
spontaneously occurring congenital heart defects. Ventric- 
ular septal defect was encountered in 57 out of 81 neonates 
from 15 consecutive litters. Of 73 hearts preserved for mor- 
phological assessment, 52 were found to have defects 
within the ventricular septum, noticeably similar to those 
observed in humans with deficient ventricular septum. 
Three of these hearts showed evidence of spontaneous clo- 
sure of pre-existing defects. The defects were perimem- 
braneous in 34, being characterised by fibrous continuity 
between the leaflets of the tricuspid and aortic valves. 
These defects extended so as to open across the apical 
trabecular septum in six cases and toward the sub- 
pulmonary outlet in 28, though involvement of septal mus- 
culature was usually slight. Defects surrounded by muscle 
and opening to the subpulmonary outlet were found in 12 
pigs. Defects characterised by absence of the outlet septum 
and fibrous continuity between the leaflets of the aortic and 
pulmonary valves (doubly committed juxta-arterial 
defects) were found in a further six hearts, two of which 
had fibrous continuity between the aortic and tricuspid 
valves, whereas the remaining four had muscular postero- 
inferior rims. Prolapse of the right coronary leaflet of the 
aortic valve was found in 14 hearts, eight with perimem- 
braneous, two with muscular, and four with doubly com- 
mitted defects. Atrial septal defects were found in 12 of the 
52 hearts with deficient ventricular septation; only one 
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atrial septal defect was seen among 21 hearts with an intact 
ventricular septum. Anomalies of the aortic arch were asso- 
ciated with ventricular septal defect in two cases, one with 
a solitary arterial trunk and one with hypoplasia of the aorta 
and patency of the arterial duct. All of these findings are 
replicated in human hearts. 

This strain of pig, therefore, provides an ideal large ani- 
mal model for morphologic and genetic investigations con- 
cerning the details of ventricular septation, including 
potential mechanisms of late spontaneous closure. 


Effect of a new class III antiarrhythmic agent 
(UK 68 798) on QT interval and heart rate 


M J Sedgewick, H S Rasmussen, $ M Cobbe 
Department of Medical Cardiology, Glasgow Royal 
Infirmary, Glasgow, and Pfizer Central Research 


UK 68 798 (Pfizer) is a new class III antiarrhythmic agent 
that is devoid of subsidiary class I and II properties in 
animals. A study of the electrocardiographic effects of UK 
68 798 at a range of intravenous doses was performed in 18 
patients (mean age 55, range 42-65 years) admitted for 
diagnostic coronary arteriography. Three groups of four 
patients each received infusions of 1:5, 3, and 4:5 pg/kg 
over 10 minutes. UK 69 798 had no significant effect on 
heart rate, PR interval, or QRS duration. The mean QT 
interval increased by a maximum of 36 ms (9:495), 52 ms 
(13-195), and 83 ms (21-79) at the three doses. Equivalent 
increases in QT, were 9-795, 9-695, and 20-195. Mean 
plasma concentrations at the end of infusion for the three 
doses were 1:74, 3:35, and 5:11 ng/ml. There was a linear 
correlation between the area under the plasma 
concentration/time curve and dose and between plasma 
concentration and change in QT,. Mean plasma elimi- 
nation half life was 8 7 h. The increase in QT interval had 
fallen to 4:695, 29%, and 9-7% at 60 minutes after 
infusion. In a further six patients, however, a divided dose 
regimen giving two thirds over 15 minutes and the remain- 


der over 45 minutes maintained stable. QT prolongation - 


over one hour. No adverse effects were noted in any 
patient. 

UK 68 798 seems to be a specific class III antiarrhythmic 
agent that warrants further invasive electrophysiological 
evaluation. 


Enhanced safety of a low energy non-arcing 
ventricular catheter ablation system compared 
with high energy defibrillator discharges 


C Wong, E Barin, S Y Ho, A Scriven, I Kreidieh, 

A W Nathan 

St Bartholomew’s Hospital, London, and the National 
Heart and Lung Institute, London 


A new system for low energy direct current (DC) cardiac 
abiation has recently been described. The effects of DC 
catheter ablation were compared in 22 pigs with two sys- 
tems, a standard 7F electrode with defibrillator high energy 
(HE) shocks (100—150 ]) and a capacitive waveform low 
energy (LE) system (25-30 J) with a 7F contoured tip 
electrode. Baseline haemodynamic measurements, left 
ventricular angiography, 12 lead electrocardiography, and 
electrophysiological stimulation studies were undertaken 
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before delivery of single (HE, n = 5 pigs; LE, n = 5) or five 
(HE, n = 7; LE, n = 5) shocks to the left ventricle. Voltage 
and current were recorded. Survivors were restudied at 
four weeks, after which hearts were excised for histological 
examination. No chronic differences in left ventricular 
ejection fraction (LE 54-995 to 543%; HE 544% to 
55:5% ) or electrocardiographic findings were found. Mean 
(SD) values for HE were 2035 (298) V, 135 (26) J, 65 (33) 
A, and 35 (14) Q and for LE were 2460 (302) V, 29 (4) J, 
45 (17) A, 60 (19) Q (differences significant, each at 
p < 0-001). The HE group sustained more postshock 
arrhythmias and more severe hypotensive episodes. No 
deaths occurred in the LE group, compared with five in the 
HE group (one perforation, one electromechanical dis- 
sociation, one asystole, two intractable ventricular 
fibrillation; p < 0:01, x? test). One animal died at 24 hours. 
No sudden deaths occurred during follow up. Chronic 
lesions in the multiple shock groups, characterised by 
transmural fibrosis and wall thinning, were comparable in 
size for both systems (HE 6:5 (3) cm?, LE 6-3 (3) cm”. No 
significant mural lesions were observed in animals 
receiving single shocks. 

The contoured tip electrode with a low energy capacitive 
shock produces similar sized myocardial lesions to con- 
ventional shocks, but with less trauma. This non-arcing 
system should enhance the safety margin for ventricular 
catheter ablation using DC shocks. 


Time to termination of paroxysmal junctional 
tachycardia as a predictor of tachycardia 
suppression with antiarrhythmic treatment 


CJ Garratt, M J Griffith, V E Paul, D E Ward, AJ Camm 
St George's Hospital Medical School, London 


Prophylactic antiarrhythmic drugs for paroxysmal junc- 
tional tachycardia are usually selected empirically, and oral 
treatment is frequently unsuccessful as a result. Sup- 
pression of tachycardia at electrophysiological study is pre- 
dictive of long term efficacy but is invasive and expensive. 
The aim of this study was to determine if the time to termi- 
nation of tachycardia after intravenous drug treatment 
could predict the results of invasive tachycardia sup- 
pression studies. Tachycardia termination and subsequent 
reinduction was attempted on 54 occasions in 35 patients 
with inducible sustained junctional tachycardia with one of 
three antiarrhythmic drugs (flecainide 2 mg/kg, sotalol 1:5 
mg/kg, disopyramide 2 mg/kg). All infusions were given 
over 10 minutes and restimulation was attempted 10 
minutes after completion of the infusion. Tachycardia ter- 
minations were classified as early (<5 minutes) or late (7 5 
minutes). Tachycardias that did not terminate with drug 
treatment were terminated by ventricular pacing. Nineteen 
of the 54 tachycardias were terminated early (13/20 with 
flecainide, 5/20 with sotalol, and 1/14 with disopyramide). 
These arrhythmias were all successfully suppressed during 
subsequent attempts at reinduction. Nineteen tachycardias 
were terminated late: successful suppression was achieved 
in only 12 of these (2/5 with flecainide, 5/8 with sotalol, and 
5/6 with disopyramide). Sixteen episodes of tachycardia 
were not terminated by drugs (2/20 flecainide, 7/20 sotalol, 
7/14 disopyramide), and none of these arrhythmias were 
suppressed during subsequent reinduction attempts. 

Early termination of paroxysmal junctional tachycardia 
by an antiarrhythmic drug is more likely to be followed by 
arrhythmia suppression than is late termination (p « 0-05) 
or failure of termination (p « 0-001). 
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Two forms of back up defibrillation for 
antitachycardia pacing in ventricular tachycardia 


M J Griffith, V Paul, C J Garratt, J Ward, D E Ward, 
A J Camm 
St George’s Hospital, London 


The risk of fatal acceleration has limited the use of anti- 
tachycardia pacemakers in the treatment of ventricular 
tachycardia (VT). We report our experience with two 
, forms of back up defibrillation in seven patients (mean age 
57 (12) years, all men, five with ischaemic heart disease and 
two with. dilated cardiomyopathy) with recurrent VT 
despite drug treatment that could be terminated by ven- 
tricular pacing. The mean VT rate was 168 (26) beats/min. 
. Three patients, each with a single configuration of hae- 
modynamically stable VT, had an antitachycardia pace- 
maker implanted with a single ventricular wire. Both 
detection and response modes were activated only by a 
magnet in a local accident and emergency department 
where external defibrillation was available. The patients 
were followed up for a mean of 16 (range 13-18) months 
and had a mean of six (range 0—9) episodes pace terminated. 
The mean time from onset of tachycardia to treatment is 25 
minutes, and one patient's tachycardias did not last 
sufficient time (10-15 minutes) to present to hospital. 
Acceleration occurred once, requiring external 
defibrillation. Four patients had a device implanted via a 
thoracotomy capable of both antitachycardia pacing and 
internal defibrillation. Two had more than one 
configuration of VT and two had a previous cardiac arrest. 
The devices were programmed to detect and treat either’ 
slow VT with pacing or low energy direct current (DC) 
shock or ventricular fibrillation and fast VI with max- 
imum energy DC shock. After a mean follow up of four 
(range 1-7) months, spontaneous VT was terminated by 
burst pacing a mean of nine (range 0-32) times. In one 
patient a one joule shock accelerated a spontaneous tachy- 
cardia and in two patients pacing accelerated an induced 
tachycardia. The accelerated rhythm was detected and ter- 
minated automatically by a full energy shock in ail patients. 
One patient had spontaneous VF -automatically 
defibrillated. 

To conclude, these data further show that pacing termi- 
nation of ventricular tachycardia by a device requires back 
up defibrillation. A casualty activated device had a lower 
capital cost and was simpler to implant, but the long delay 
to treatment means that it should not be used for hae- 
modynamically unstable arrhythmias. Antitachycardia 
pacing for VT should therefore be combined in a device 
offering internal defibrillation. 


Textured surface left ventricular assist devices . . . 


continue to consume platelets after intermediate 
term implantation in the calf model 


T R Graham, Denise Syndercombe Court, V Salih, 

C T Lewis 

Departments of Experimental Surgery and Haematology, 
The London Hospital, London 


Textured surface left ventricular assist devices (TSL- 
VADs) have been developed with a view to permanent 
clinical implantation but have already been used as a short 
term bridge to transplantation. An essential requirement of 
such devices is a mnon-thromboembolic and hae- 
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matologically stable blood contacting surface. In textured 
surface devices this occurs, to some extent, as blood con- 
stituents are attracted to form a strongly adherent coagu- 
lum with subsequent neointimal formation, thus avoiding 
the thromboembolic complications commonly associated 
with smooth surfaced devices. The haematological con- 
sequences of TSLVAD implantation were evaluated in 17 
calves for up to four months. Attraction and deposition of 
blood cellular elements on to the device surfaces after 
implantation resulted in an increased plasma haemoglobin 
concentration immediately after the operation, a fall in 
platelet count to 25% of preoperative values by day 2, and 
a fall in red cell count to 65% after one week. Plasma 
haemoglobin values returned rapidly to normal and red cell 
numbers were normal within one month. Red cell survival 
measured at one month (n = 10) and three months (n = 3) 
after implantation were similar to preimplantation values. 
After the initial thrombocytopenia there was a rebound 
thrombocytosis which peaked after one week. Platelet con- 
centrations then fell, reaching a plateau at about 65% of 
preimplantation values, where they remained. Platelet life- 
span measured at one month (n — 10) was significantly 
decreased (mean (SE) days 3-01 (0-11) v 1-76 (0-15); 
p <0001) and, although there was some improvement, 
remained so after three months (n-4, 2:06 (0 47); 
p < 0-01). 

These longer term results have shown that the devel- 
oping neointima, while remaining strongly attached to the 
TSLVAD surfaces, continues to be highly consumptive of 
platelets three months after implantation and that longer 
term evaluation is needed before these devices can be con- 
sidered for permanent use. 


Coronary reactivity to ergometrine: possible 
relation to accelerated coronary sclerosis in cardiac 
transplant recipients 


S Kushwaha, D Lythall, A Maseri, A Mitchell, M Yacoub 
Cardiology and Cardiac Surgical Units, Harefield 
Hospital, Middlesex, and Cardiology Unit, Royal 
Postgraduate Medical School, Hammersmith Hospital, 
London 


Severe coronary artery spasm can occur in orthotopic car- 
diac transplant recipients. To investigate the possible 
mechanisms and the relevance of coronary spasm to the 
subsequent development of coronary disease the response 
of the coronary arteries to intracoronary ergometrine male- 
ate was studied in 10 patients who had undergone ortho- 
topic cardiac transplantation and were shown to have 
normal coronary arteries at angiography. Ergometrine in 
doses of 1, 5, and 10 pg was injected into the left coronary 
artery followed by 2 mg of isosorbide dinitrate. Proximal 
coronary artery luminal diameters were measured by auto- 
mated computed quantitative angiography of the left ante- 
rior descending (LAD) and circumflex (L.CX) vessels. Five 
patients (responders) showed a dose-response curve to 
intracoronary: ergometrine-which was similar to that pre- 
viously seen in non-transplant recipients (mean percentage 
diameter change (SE) — 24-68 (1:93) for LAD, —24-06 
(3-91) for LCX). The remaining five patients (non- 
responders) showed a virtually flat dose-response curve 
significantly different from that of the responders 
(p = 0-001 for LAD, p = 0-013 for LCX). Angiography 
after two years showed significant coronary disease in four 
of the five responders to ergometrine. In contrast, the five 
non-responders to ergometrine continued to have no 
detectable disease by angiography. 
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Fall in epicardial evoked T wave amplitude in 
cardiac allograft rejection 


A A Grace, S E Newell, J P Scott, N R B Cary, S R Large, 
J Wallwork, P M Schofield 
Papworth Hospital, Cambridge 


The repolarisation phase of the surface electrocardiogram 
is usually a sensitive indicator of myocardial damage but 
has proved disappointing in the diagnosis of cardiac allo- 
graft rejection. To enhance sensitivity we have serially 
measured epicardial evoked T wave amplitude with an 
externalised Rhythmyx pacemaker system telemetered to a 
TP2 analyser in 13 patients (12 men, one woman, median 
age 49 (range 34—57) years) followed for 19 (14—26) days 
after transplantation. A total of 228 records were analysed. 
Rejection was defined on endomyocardial biopsy. During 
the study 18 of the 31 biopsy specimens showed evidence 
of rejection. One patient had no biopsy specimens showing 
rejection, seven had one, four had two, and one patient had 
three. After rejection was diagnosed patients received 
intravenous methylprednisolone for three days. In 11 
patients the initial rejection episode was associated with a 
significant fall in the evoked T wave amplitude (from 1-3 
(0-7—2-3) mV to 0-6 (0:5—1-8) mV; p < 0 005) which began 
2 (1-4) days earlier. One patient with uncontrolled diabetes 
had no change in T wave amplitude during the rejection 
episode. No fall in T wave amplitude occurred in the 
absence of rejection. In the patients with a negative sub- 
sequent biopsy specimen there was an increase in T' wave 
amplitude to approach baseline (1:0 (0 7-1:8) mV). 
Patients with more than one positive biopsy specimen had 
no further significant change in T wave amplitude, which 
may be due to the ongoing rejection. 

These results suggest a potential non-invasive method of 
detecting cardiac rejection which is both sensitive and 
specific for first rejection episodes. 


Does transmitral pulsed wave Doppler reliably 
diagnose acute rejection in heart transplant 
recipients? 


H F J Mannaerts, A H Balk, J H Smyllie, B Mochtar, 
M L Simoons, G R Sutherland 

Thoraxcentre, University Hospital Dijkzigt, Rotterdam, 
The Netherlands 


Recent studies suggest that changes in pulsed wave trans- 
mitral Doppler (PTD) indices of diastolic function are 
early markers of acute rejection after orthotopic heart 
transplantation. We prospectively studied 30 patients (23 
men, seven women) between 1—40 (median 5) months after 
transplantation with serial PTD studies using a simulta- 
neous phonocardiogram. The 250 consecutive ultrasound 
studies were related to the concurrent biopsy results (Bill- 
ingham classification). On each occasion the average values 
of 20 consecutive beats were determined for peak early 
diastolic velocity (E, m/s), peak late diastolic velocity at 
atrial contraction (A, m/s), E/A ratio, isovolumic relaxation 
period (IVR, ms), IVR% (percentage change in IVR from 
previous value), IVR/rr (heart rate corrected IVR), time 
velocity integral (TVI, cm), diastolic filling period (DFP, 
ms). For every Billingham classification the pooled average 
values (SD) of each parameter are presented. In addition 
intraobserver and interobserver variability were analysed 
“over 200 individual beats in 10 different patients. Thus for 
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each Doppler parameter the threshold for individual phys- 
iological change (beyond measurement variability) was cal- 
culated: E 5:695; AJA 16-695; IVR 8%; TVI 4:695; DFP 
3:9%. With these criteria we could assess in individual 
patients whether there was a true physiological change dur- 
ing an episode of acute rejection. Of the 250 observations, 
42 were Billingham classification 0; the corresponding val- 
ues were E 0-85 (0 24); EJA 2:12 (0-87); IVR 61 (17); 
IVR% 11 (50); IVR/rr 0-09 (0-03); TVI 14 (4); DFP 321 
(84). In Billingham classification 1 there were 179 obser- 
vations and their corresponding values were E 0-83 (0-24); 
E/A 1-96 (0 87); IVR 69 (17); IVRY 5 (29); IVR/rr 0-10 
(003); TVI 15 (4); DFP 324 (118). In Billingham 
classification 2 there were 29 observations and their corre- 
sponding values were E 0-89 (0-22); E/A 2-09 (1-03); IVR 
68 (18); IVR 5 (26); IVR/rr 0-10 (0-03); TVI 15 (4); DFP 
302 (88). 

Despite a low measurement variability, there is consid- 
erable overlap among patients without acute rejection 
(Billingham classification 0), those with infiltrates 
(Billingham classification 1, mild acute rejection), and 
those with infiltrates and myocytolysis (Billingham 
classification 2, moderate acute rejection). PTD could not 
distinguish between patients requiring specific rejection 
treatment (Billingham classification 2) and others, either at 
group level or in individual patients, and therefore could 
not diagnose acute rejection. This suggests that hae- 
modynamic factors other than acute rejection alter diastolic 
function in these patients early after heart transplantation, 
obscuring the development of Doppler changes, formerly 
described as diagnostic of acute rejection. 


Influence of donor heart ischaemic time on left 
ventricular contractility in heart transplantation: 
assessment by the conductance catheter 


DA Lythall, R M Lang, J Hounk, A G Mitchell, 

A Neumann, C D J Ilsley, A Bassuk, K M Borow, 

M H Yacoub 

Harefield Hospital, Harefield, and University of Chicago, 
Chicago, Illinois, United States. 


Donor ischaemic time (from explantation to implantation) 
may have an important impact on left ventricular (LV) 
systolic performance after orthotopic cardiac trans- 
plantation. Accordingly, we studied 14 transplant recip- 
ients (mean 25 months after transplantation) divided into 
two groups according to ischaemic time (group 1 «140 
min, n = 7, mean (SD) 128 (10) min; group 2 > 150 min, 
n= 7, 178 (15) min) (p < 0-01). LV contractility was 
assessed with a conductance catheter to generate L'V end 
systolic pressure volume relations (Hes) over a wide range 
of loads generated by inferior vena caval balloon occlusion. 
Data were acquired under control conditions and during 
dobutamine infusion (2 ug/kg/min). No patient had angio- 
graphic coronary artery disease or rejection by right ven- 
tricular biopsy. No intergroup differences were noted for 
age, sex of donor and recipient, time since transplantation, 
and body surface area. Heart rates were similar in both 
groups (baseline: group 1 84 (5), group 2 85 (2) beats/min; 
dobutamine: group 1 100 (17) group 2 102 (13) 
beats/minute. Patients in group 1 had higher baseline LV 
contractility (group 1 Hes 2:5 (1:0), group 2 Ees 1-1 (0:4); 
p < 0-01) end a greater response to dobutamine compared 
with patients in group 2 (47 (1-9), 22 (09): P< 001). 
Thus, there is a direct relation between donor ischaemic 
time and long term LV systolic performance under base- 
line conditions and during B1 adrenoceptor challenge. 
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In vivo imaging of low density lipoprotein 


Ann Tweddel, W Martin, Morag Dagen, P Lieberman, 
J Shepherd, I Hutton 

Departments of Cardiology and Biochemistry, Royal 
Infirmary, Glasgow 


The non-invasive identification of atheroma would have 
important therapeutic implications. The biodistribution of 
low density lipoprotein (LDL) is important in identifying 
patients with lipid abnormalities. LDL plasma kinetics 
have been studied with radiolabelling, which is a standard 
technique. It has been found possible in animal models to 
image atherosclerotic plaques that have taken up the radio- 
label. Initially standard iodine labels were used but more 
recently a method of labelling with technetium-99m has 
been described, which provides better imaging character- 
istics. Initial work in rabbits has shown in vivo images of 
rabbit aorta, with increased uptake in hyperchole- 
sterolaemic (Watanabe) rabbits compared with controls. In 
10 human volunteers biodistribution of iodine-123 and 
technetium-99m labelled LDL was similar, with uptake 
initially in the blood pool then predominantly in liver and 
spleen and subsequent excretion in intestine. Blood clear- 
ance of technetium labelled LDL was faster than that of the 
iodine labelled LDL (55 (25) v 308 (158) at 80% of 5 
minute sample, 285 (204) v 1328 (138) at 60%). In six 
patients with peripheral vascular disease asymmetrical 
femoral uptake was seen in five of them at the site of their 
angiographically shown obstruction. 

This suggests that technetium labelled LDL is a suitable 
tracer to provide non-invasive quantitative biodistribution 
of LDL and may accumulate sufficiently in peripheral 
atheromatous plaque to allow in vivo imaging. 


Application of magnetic resonance velocity 
mapping to mitral and pulmonary flow of healthy 
volunteers 


R H Mohiaddin, M Amanuma, P J Kilner, 

S R Underwood, R S O Rees, D B Longmore 
National Heart Hospital, London, and London Chest 
Hospital 


Transmitral and pulmonary venous flow are important 
indices in evaluating left ventricular diastolic function. 
Magnetic resonance velocity mapping was used to measure 
transmitral blood flow and pulmonary venous flow velocity 
in 20 healthy volunteers. Velocity measurement was 
acquired in an oblique plane parallel to the horizontal long 
axis of the heart. By the same technique quantitative blood 
flow was measured in planes perpendicular to the right and 
left lower pulmonary veins (RLPV, LLPV). Flow (ml/s) 
was calculated from cross sectional area (cm?) and mean 
velocity (cm/s). Transmitral flow showed two positive 
peaks, one during early ventricular diastole and the other 
during atrial systole. Peak mitral flow velocity in early 
diastole was 68 (12) cm/s and in atrial systole 39 (10) cm/s 
and the ratio between the two was 1:9 (0-6). Pulmonary 
venous flow showed two positive peaks, one during ven- 
tricular systole and another in diastole. A small back flow 
during atrial systole was noticed. Peak systolic velocity in 
the right lower pulmonary vein was 41-3 (11) cm/s, peak 
diastolic velocity 36-0 (10) cm/s, and peak back flow veloc- 
ity 12 (2) cm/s. The mean flow indices were 13-0 (3-8) 
ml/s/m? and 11:9 (2-6) ml/s/m? in the RLPV and LLPV 
respectively. 
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Magnetic resonance flow imaging provides a non 
invasive measurement of transmitral and pulmonary 
venous flow which is of clinical importance in evaluating 
various cardiac diseases. 


Combined three dimensional intravascular 
ultrasound imaging and three dimensional flow 
presentation 


C J Burrell, R I Kitney, D P Giddens, K Straughan, 
A H McDonald, M T Rothman 

Cardiac Department, The London Hospital, and 
Biomedical Systems Group, Imperial College, London 


The clinical use of intra-arterial ultrasonic imaging in con- 
junction with angioplasty is rapidly approaching. We have 
developed a computer based imaging system for recon- 
structing three dimensional models from ultrasonic data 
acquired intraluminally with an 8F catheter mounted 
probe. We report an assessment of the accuracy of the 
system and present preliminary data on the combined 
presentation of three dimensional flow fields and three 
dimensional arterial images. Measurements made directly 
and from the computer reconstructions of multiple 
diameters in 10 hollow metallic and plastic phantoms 
(internal diameter 6-48 mm) were compared. After cali- 
bration, the direct and computed measurements correlated 
extremely highly (r = 0-98). For 10 in vitro arterial speci- 
mens direct measurement at known levels of histological 
section prepared without “pressure fixing" were made 
with an estimated error of 10%. Discrepancy between the 
direct and computed measurements of up to 12% was 
observed, again consistent with accurate ultrasonic mea- 
surement. 

Knowledge of the three dimensional morphology of a 
vessel has enabled us to calculate theoretical three dimen- 
sional flow velocities based on calculations of the Navier- 
Stokes equation. The resultant flow fields are represented 
by colour mapping on the computer screen. Combining 
accurate three dimensional computer visualisation of the 
arterial wall and three dimensional flow information pro- 
duces a powerful diagnostic tool. 


Magnetic resonance imaging of pericardial disease 


G G Hartnell, M Papouchado, A Rozkovec, R P H Wilde, 
P R Goddard 

Departments of Radiology and Cardiology, Bristol Royal 
Infirmary, Bristol 


Complete examination of the pericardium by established 
methods (computed tomography and echocardiography) 
can be difficult. Diagnosis of pericardial constriction often 
depends on invasive pressure measurements and malignant 
involvement may be only fully shown at operation or nec- 
ropsy. We evaluated the use of magnetic resonate imaging 
in detecting pericardial disease, particularly in diagnosing 
pericardial constriction and malignant invasion. À total of 
108 adults were examined in a 0:5 Tesla magnetic reso- 
nance scanner by electrocardiographic gated spin echo 
sequences. Appearances of the pericardium were defined in 
16 normal volunteers, 59 patients with heart disease 
unlikely to involve pericardium (including 25 patients after 
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operation), eight patients with catheter proved pericardial 
constriction, and 15 patients with pericardial effusions. In 
normal volunteers and patients with miscellaneous heart 
disease the pericardium was up to 3 mm thick and in the 
postoperative group it was up to 23:3 mm. The cardiac cycle 
did not affect these measurements. Patients with peri- 
cardial constriction had pericardial thicknesses of at least 
3-3 mm. In patients with pericardial effusions magnetic 
resonance imaging showed malignant involvement of the 
pericardium better than alternative methods. 

Magnetic resonance imaging accurately shows peri- 
cardial thickening and is a good predictor of pericardial 
constriction. It shows malignant involvement of the peri- 
cardium more clearly than alternative non-invasive 
methods. 


Dobutamine magnetic resonance imaging in 
patients with coronary artery disease 


D J Pennell, S R Underwood, P J Ell, R H Swanton, 

J M Walker, D B Longmore 

Magnetic Resonance Unit, National Heart and Chest 
Hospitals, London, and Departments of Cardiology and 
Nuclear Medicine, Middlesex Hospital, London 


Magnetic resonance imaging is difficult during dynamic 
exercise, and this has limited its value in patients 
with coronary artery disease. With intravenous 
dipyridamole and cine magnetic resonance imaging we 
previously showed wall motion abnormalities in two thirds 
of patients in whom thallium defects were seen. To 
increase this sensitivity we have now used intravenous 
dobutamine, which increases myocardial oxygen demand 
and has the advantages of being administered by peripheral 
infusion, a short half life, and low arrhythmogenicity. 
Twenty two patients with stable angina underwent coro- 
nary angiography, thallium tomography, and cine mag- 
netic resonance imaging. Images were acquired in three 
perpendicular planes before and after dobutamine, allow- 
ing direct comparison of perfusion and wall motion, which 
were graded in nine segments as normal, reduced, or 
absent. Twenty patients had coronary artery disease, of 
whom 19 (95%) had reversible perfusion defects after dob- 
utamine. All 19 also had reversible wall motion abnormal- 
iues. T'he perfusion and wall motion defects corresponded 
closely in site and extent. The two patients with normal 
epicardial arteries also had corresponding wall motion and 
perfusion abnormalities. Chest pain occurred in 18 patients 
but was easily controlled by decreasing the infusion rate. 
Transitory arrhythmias were seen in eight patients but 
were insignificant. The average increase in double product 
with dobutamine was 34%, 57%, 87%, and 104% with 5, 
10, 15 and 20 ug/kg/minute respectively. 

We conclude that magnetic resonance imaging during 
dobutamine stress is safe, fesible, and well tolerated and 
that it may be possible to extend the clinical role of mag- 
netic resonance in patients with coronary artery disease. 


Assessment of regional myocardial ischaemia by a 
combination of nuclear imaging 
(?°™Tc-methoxyisobutylisonitrile) and monophasic 
action potential recordings 


R M John, P Sutton, P Taggart, D C Costa, P J Ell, 
R H Swanton 
Department of Cardiology, Middlesex Hospital, London 


Proceedings of the British Cardiac Society 


and Institute of Nuclear Medicine, University College 
and Middlesex School of Medicine, London 


Monophasic action potentials recorded from the surface of 
the myocardium provide a sensitive measure of early and 
localised myocardial ischaemia. The duration of the action 
potential shortens in response to ischaemia. The slow 
myocardial washout characteristics of ??""l'c-metho- 
cyisobutylisonitrite (MIBI) permits injection of the iso- 
tope at a time and site distant from the imaging process. We 
combined ??"Tc-MIBI myocardial perfusion imaging 
with recordings of left ventricular endocardial monophasic 
action potential to detect myocardial ischaemia induced by 
incremental atrial pacing. Sixteen patients (age range 
40—73; 10 women) undergoing investigation for chest pain 
were studied. After routine coronary angiography a 
monophasic action potential recording catheter was 
inserted into the left ventricle and its position documented 
by biplane cinematography. Recordings were made during 
incremental right atrial pacing. Each pacing train was 
maintained for two minutes, thereby establishing steady 
state conditions. At peak paced heart rate 400 MBq 
mT C- MIBI was injected intravenously. Myocardial per- 
fusion single proton emission computed tomography 
(SPECT? was performed one hour later with rest SPECT 
obtained the following day (two day, two doses protocol). 
Thirteen patients had significant coronary artery lesions. 
Abnormal perfusion was identified in 45 out of 117 myo- 
cardial segments (sensitivity 83% and specificity 80%). 
Monophasic action potential recordings were obtained 
from areas with reversible perfusion defects in six patients 
and from areas of normal perfusion in another six. The 
extent of action potential shortening was significantly 
greater (p « 0-05) for the recordings from the myocardial 
areas with reversible perfusion defects (28-6 ms per 100 ms 
decrease in cycle length) compared with normally perfused 
areas (23-5 ms). 

99™T'c-MIBI while proving an ideal agent for use in 
conjunction with cardiac catheterisation procedures, is 
effective in identifying perfusion defects with atrial pacing 
stress. In addition, electrical changes of ischaemia have 
been shown in areas of myocardium where perfusion 
defects exist. 


Transcoronary alcohol ablation of the 
atrioventricular node 


J F Sneddon, D E Ward, I A Simpson, N J Linker, 
A J Camm 

Department of Cardiological Sciences, St George's 
Hospital, London 


Catheter ablation of atrioventricular conduction is 
accepted treatment for intractable atrial -arrhythmias but 
disadvantages include modest success rates, right ventricu- 
lar damage, and the need for general anaesthesia. A new 
technique of selective catheterisation of the atrio- 
ventricular nodal artery (AVNA) and embolisation with 
absolute alcohol was attempted in six patients. In two 
patients the AVNA was not clearly identified and could not 
be catheterised; these patients subsequently underwent 
electrical ablation. In four patients the AVNA was clearly 
visualised and all four patients underwent successful trans- 
coronary ablation. The AVNA was entered with a steerable 
0-013 inch wire and a 2-2F infusion catheter manipulated 
down a conventrional 9F angioplasty guiding catheter. A 
His bundle electrode provides an excellent visual target 
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when engaging the AVNA. Position within the AVNA was 
confirmed radiographically, and infusion of ice cold saline 
produced temporary A-H block in all four patients. Imme- 
diate and to date persistent block then occurred after injec- 
tion of 0-5 ml absolute alcohol in three patients who both 
had an expected minor rise in cardiac enzyme activities 
(peak creatine kinase (heart type) «50 IU, normal 0-20). 
One patient who had 1 ml alcohol injected developed a 
significant increase in enzyme activity (creatine kinase 
(heart type) 146 IU). Subsequent echocardiography 
showed normal systolic function. Three out of four 
patients had escape rhythms, which were all narrow com- 
plex, mean cycle length 1130-ms. Coronary artery spasm 
developed in three out of six patients before injection of 
alcohol and resolved immediately with intracoronary 
nitrate treatment. 

Ablation of the atrioventricular node by alcohol 
embolisation is an attractive and feasible alternative in 
patients who would otherwise require conventional 
ablation. 


Use of automatic implantable defibrillators in the 
United Kingdom 


M J Griffith, N Varma, G E Sowton, E Rowland; 

E J Perrins, R Sutton, J M McComb, S M Cobbe, 

C A Bucknall, M Clarke, A J. Camm, A W Nathan - 
British Cardiac Centres (Correspondence to Department 
of Cardiology, St Bartholomew's Hospital, London) 


Implanted defibrillators represent an important option in 
the treatment of ventricular arrhythmias. Such devices 
implanted in the United Kingdom up to January 1990 were 
surveyed. Forty-nine devices have been implanted in 40 
patients, data being complete in 34 patients (mean age 53 
(13), 28 men) with a mean follow up of 9 (10) months. 
Twenty-one patients had ischaemic heart disease, nine 
. patients dilated cardiomyopathy, and four patients.other 
disease. The arrhythmia was ventricular tachycardia in 21 
(695) patients, ventricular fibrillation in six (1895) patients 
and both in seven (21%), and 25 of the 34 (7495) patients 
had had a preimplant cardiac arrest. Drug treatment had 
failed in all patients and ablation had failed in four (trans- 
venous in four patients and surgical in two of these). Mean 
ejection fraction was 31% (16%), median 2594. In the past 
12 months 18 of the 34 (5395) patients had their first device 
implanted and the number of implanting centres increased 
from five to 10. All have been implanted via a thoracotomy 
with two eipicardial patches. Seventeen out of 40 (4395) 
patients had devices implanted. with defibrillator only 
function, 14 (35%) had devices with back up pacing 
implanted, and nine (22%) had devices- with. combined 
antitachycardia pacing implanted in the past seven months. 
Successful termination of spontaneous arrhythmias 
occurred in 17 of the 34 (50% ) patients with no failures. No 
patients have died. 

Although the overall numbers are small, there has been 
a dramatic increase in both the number of devices and 
centres implanting in the past 12 months. This is probably 
due to the expanding capabilities of the devices increasing 
the proportion of patients with ventricular arrhythmias in 
whom such a device is the treatment of choice. In this high 
risk group (74% with previous cardiac arrest, mean ejec- 
tion fraction 31%) it is encouraging that there have been no 
deaths. ` 
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Acute and chronic histological appearances in 
catheter mediated ventricular ablation by low 
energy and conventional defibrillator systems 


C Wong, E Barin, S Y Ho, A Scriven, A W Nathan 
St Bartholomew's Hospital, London, and National Heart 
and Lung Institute, London 


The histological effects of lower energy direct current 
ablation are not well described. This study compares the 
acute and chronic (four weeks) histological appearances of 
two DC catheter ablation systems in the pig. A standard 7F 
electrode with defibrillator high energy (HE) (100—150 J) 
shocks and a capacitive waveform low energy (LE) (25—30 
]) source with a contoured tip 7F electrode were used to 
deliver endocardial left ventricular shocks in 22 pigs. The 
catheter electrode was placed on the left ventricular free 
wall. Single (HE, n = 5 pigs; LE, n = 5) or five (HE, n = 7; 
LE, (n =°5)) unipolar cathodal shocks were delivered. Sur- 
viving animals were restudied after four weeks, when the 
hearts were excised, fixed, and stained for detailed studies. 
Fifteen chronic lesions and six hearts with acute lesions 
were examined. One specimen was obtained at 24 hours. 
Transmural and endocardial fibrosis without chronic 
inflammatory cell infiltrates were seen with HE and LE 
lesions. No significant long term electrocardiographic or 
left ventricular angiographic correlates with extent and 
type of lesion were observed. Cartilage type and carbon 
deposits were absent in chronic lesions. A mitral leaflet 
haematoma and left ventricular aneurysm was observed 
after four weeks after multiple LE shocks in one animal. 
Macroscopicall, acute lesions were poorly defined. 
Microscopically, acute lesions produced contraction band 
coagulation, interstitial haemorrhage, and haemosiderin 
pigment deposits. Pronounced nuclear alignment was 
observed after acute shocks without cellular disruption. 
A fivefold reduction in ablation energy with a non-arcing 
capacitive waveform system produces comparable acute 
and chronic myocardial lesions with a conventional system 
in vivo. Differences in voltage, current, or energy may 
account for differing clinical but not histological effects. 


Funding for implantable defibrillators in the 
United Kingdom: a comprehensive study 


N Varma, M J Griffith, E Sowton, E Rowland, E J Per- 
rins, R Sutton, C A Bucknall, J McComb, S M Cobbe, 
A W Nathan, A J Camm 

British Cardiac Centres (Correspondence to Department 
of Cardiology, St Bartholomew’s Hospital, London) 


In the past decade the use of implantable defibrillators has 
increased considerably throughout the world. All 
implanting centres in the United Kingdom have been sur- 
veyed, and though roughly 8000 devices have been 
implanted world wide, only 40 patients have received 
implantable defibrillators in the United Kingdom. Each 
device, including patches and sensing leads, costs about 
£13,000 plus the cost of implantation, and funding 
difficulties have been one factor limiting their use. The 


source of funding has been examined in all cases. None of 


the centres. has been allocated a specific defibrillator budget 
either centrally or locally. Twenty patients had their 
devices funded from pacing budgets, nine were funded by 
the referring health district, three were funded from “one 
off" regional funds, three were paid for privately, two were 
funded out of hospital contingency budgets and two by 
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charities, and one was bought from a combination of char- 
itable funds and the pacing budget. Several patients waited 
in hospital for up to three months awaiting funding. Fund- 
ing for replacement units is often uncertain. Nevertheless, 
25 of the 40 patients (62:595) have received their implants 
in the past 12 months, and the number of implanting cen- 
tres has risen from five to 10. All patients are currently alive 
and well, and treatment has been effective in all. 

Implantable defibrillators have been shown to be cost 
effective by others, and the treatment is now well estab- 
lished. Specific budgets should be established to allow this 
treatment to be offered to appropriate patients, most of 
whom have life threatening arrhythmias. 


Low energy ablation of accessory pathways: use of 
test shocks and non-arcing shocks 


A J Ahsan, E Rowland, A F Rickards, A D Cunningham 
National Heart Hospital, London, and Brompton Hospi- 
tal, London 


Catheter ablation has potential as an alternative treatment 
to surgery for the Wolff-Parkinson-White syndrome, 
avoiding sternotomy and cardiopulmonary bypass. It 
remains experimental because of uncertainty about success 
rates and the risk of cardiac rupture due to the high pres- 
sures produced from arcing and gas expansion at the cath- 
eter tip. We have devised a system that delivers shocks of 
low energy without arcing. Catheter ablation was consid- 
ered in patients with accessory pathways undergoing elec- 
trophysiological study before planned surgery. Ablation 
was attempted in 12 patients (age range 11-78). The site of 
the accessory pathway was posteroseptal (PS) in six, left 
free wall (LF) in four, and right free wall (RF) in two. Test 
shocks of 5-15 J were delivered to the site of earliest atrial 
activation during tachycardia. There was no effect on 
accessory pathway conduction in five patients (two PS, two 
RF, one LF) and catheter ablation was abandoned. These 
patients went on to planned surgery. Further shocks of 
15-25 J were delivered to the remaining seven patients in 
whom transient loss of accessory pathway conduction fol- 
Jowed test shock delivery. Shocks were delivered outside 
the coronary sinus os in four (PS), inside the coronary sinus 
in one, from the mitral annulus in one, and between the 
mitral annulus and the coronary sinus in one, four to 24 
shocks (mean five, mean shock energy 19 J) were delivered. 
There were no episodes of coronary sinus rupture, tam- 
ponade, or coronary artery spasm. The only complications 
were transient episodes of atrial fibrillation and secondary 
atrioventricular block. At follow up (mean 13 months) in 
the seven patients who underwent ablation there was no 
accessory pathway conduction in five and modified con- 
duction in two. Five patients remain free of tachycardia 
and are not taking any drugs and two are symptom free 
taking previously ineffective medication. 

Low energy test shocks may be useful.in selecting suc- 
cessful sites for ablation. Repeated non-arcing shocks are 
effective and safe for the ablation of accessory pathways at 
low energies and without barotrauma. Initial clinical 
experience suggests that this method may be an alternative 
to surgery in some patients. 


Surgery for medically refractory ventricular 
tachycardias: resection, implantable 
defibrillators, or transplantation? 


C P Ratnatunga, E S Barin, A R Manche, D W Davies, 
J Wallis, S J Edmondson, A W Nathan 


Proceedings of the British Cardiac Soctety 


Departments of Cardiothoracic Surgery and Cardiology, 
St Bartholomew’s Hospital, London 


Since October 1984, 33 consecutive patients (mean age 
56:5 years) have undergone elective surgery for ventricular 
tachycardias. Thirty were males. Twenty-three had map 
guided extensive endocardial resection (EER), seven had 
implantable cardioverter defibrillators (ICDs), and four 
underwent cardiac transplantation. In the EER group four 
had additional localised exclusion cryoablation to scarred 
papillary muscle and the septum was crossed to resect right 
ventricular scar in four. Twenty-two out of 23 had con- 
comitant aneurysmectomy or coronary artery bypass graft- 
ing, or both. There was one operative death (4.395) in a 
patient who required additional mitral valve replacement 
and aneurysmectomy. There were three late non-sudden 
cardiac deaths with no recurrence of ventricular tachy- 
cardia. Of 18 long term survivors, one developed recur- 
rence shortly after EER and had an ICD implanted; one 
developed a new arrhythmia at one year which was con- 
trolled by drug treatment; 16 had no recurrence of ventric- 
ular tachycardia at a mean follow up of 35 months. All 
seven with ICDs are alive. The four transplant recipients 
are well at short term follow up (mean five months). 

EER is the treatment of choice if the ventricular tachy- 
cardia is reproducible and not multimorphic. Although a 
low ejection fraction in itself is not a contraindication for 
EER, ICDs are generally reserved for those with poor ven- 
tricular function and relatively infrequent tachycardia who 
do not meet the constraints for EER. Transplantation is 
primarily indicated in those within accepted age limits if 
poor ventricular function is associated with frequent tachy- 
cardia. 


Suprapulmonary stenosis in transposition of the 
great arteries after arterial switch operation 


Jeanine Punt, W A M de Ronde, R C G Franklin, 

J F Hitchcock, G J van Mill, E Harinck, E J Meijboon 
Department of Cardiology, Wilhelmina Children's Hos- 
pital, University of Utrecht, Utrecht, The Netherlands 


The arterial switch procedure has been the operation of 
choice for transposition of the great arteries at our institu- 
tion since 1977. This procedure was chosen to prevent 
postoperative complications such as arrhythmias and 
venous obstruction. Instead pulmonary trunk (PT) nar- 
rowing has become the main medium term complication 
for this condition. To assess this problem we studied 75 
consecutive patients who underwent the arterial switch 
procedure (1977-89). Follow up included yearly Doppler 
echocardiographic evaluation, cardiac catheterisation 
(n = 8) when indicated, and magnetic resonance imaging 
(n = 12). Some degree of suprapulmonary stenosis devel- 
oped in 39 patients (52%), of whom four had a direct 
anastomosis after an initial banding of the PT, six had a 
direct anastomosis alone, eight a “French technique” after 
initial banding of the PT, and 21 “French technique" 
alone. This narrowing varied from mild in 4 patients 
(1-4-2 m/s) to moderate in 20 patients (2-3 m/s) and severe 
in 15 patients (3-45 m/s), of whom 12 (30%) required 
reoperation to enlarge the PT. The location of the narrow- 
ing was supravalvar in 20 (51%), at the bifurcation in 13 
(33%), and at the pulmonary branches in one (3%). In five 
(1395) the precise location could not be determined. 

We conclude that suprapulmonary stenosis was a fre- 
quent postoperative complication (52%) in our population. 
Most of these were mild or moderate, and only a small 
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group (16%) required reoperation. The majority of these 
stenoses (51%) occurred just above the pulmonary valve at 
the site of the anastomosis, but 33% occurred distally and 
seemed to be related to “stretching” of the PT during the 
"French" manoeuvre. 


Options for surgical repair in hearts with uni- 
ventricular atrioventricular connection and sub- 
aortic stenosis 


R Bonser, C Lincoln, H C Cheung, R H Anderson, 
Siew Yen Ho, E A Shinebourne, M L Rigby 
Brompton Hospital, London 


‘Thirteen patients underwent surgical treatment because of 
subaortic obstruction in hearts with a univentricular atrio- 
ventricular connection. Nine patients underwent surgical 
enlargement of the ventricular septal defect and four 
patients had construction of an aortopulmonary anas- 
tomosis and closure of the pulmonary trunk (The Damus- 
Kaye-Stansel procedure). Two patients undergoing 
enlargement of the septal defect and two having the 
Damus-Kaye-Stansel procedure also had a modified Fon- 
tan procedure. One patient had complete atrioventricular 
dissociation after direct enlargement of the ventricular sep- 
tal defect that necessitated insertion of an epicardial pace- 
maker. One patient died within 30 days of the operation 
after enlargement of the defect and two patients after the 
Damus-Kaye-Stansel procedure. There was one late 
death, occurring in a patient who underwent enlargement 
of the ventricular septal defect. Ten patients subsequently 
underwent conventional cardiac catheterisation and angio- 
graphy or transcutaneous Doppler flow studies, or both, to 
assess the relief of the subaortic obstruction. The result 
was satisfactory in all. 

In the light of this experience, we now recommend direct 
surgical enlargement of the restrictive ventricular septal 
defect for relief of subaortic stenosis occurring with a uni- 
ventricular atrioventricular connection to a dominant left 
ventricle as it seems to be haemodynamically effective with 
a low operative mortality and morbidity. 


Determinants of long term growth after surgical 
repair of a large ventricular septal defect in 
infancy 


R G Weintraub, S Menahem 
Royal Children's Hospital, Melbourne, Australia 


The ultimate growth potential of infants undergoing early 
corrective cardiac surgery is as yet unknown. This study 
examined the long term growth patterns of 46 otherwise 
normal infants who survived primary surgical repair of 
large ventricular septal defect before 7 months of age. All 
available patients and their families were asked to return 
for follow up measurement of weight, length, and head 
circumference. Each measurement was expressed in SDs 
from the mean for age based on established local values. At 
a mean of 6:0 years after operation the mean weight, length, 
and head circumference of 35 infants of normal birth 
weight were only marginally abnormal in comparison with 
the reference population (—0:4 SD, —0-1 SD, and -- 0:5 
SD; p < 0:02, p > 0-05 and p = 0-008 respectively) and 
did not differ in any parameter from those of 44 normal 


103 


siblings. Among 11 low birthweight infants, however, all 
three parameters remained highly abnormal at long term 
follow up, both in comparison with the reference popu- 
lation (—1:7 SD, —1-7 SD, and —0:9 SD; p < 0:001 for 
each) and in comparison with 22 normal siblings. Other 
than birth weight, only the severity of the preoperative 
growth disturbance for each parameter had an influence on 
late postoperative growth. Weight, length, and head cir- 
cumference scores at six months after operation correlated 
significantly with those at latest follow up, and a significant 
correlation also existed between patient and mid-parental 
height scores. 

Early repair of large ventricular septal defect results in 
near normal long term growth in normal birthweight 
infants. These results support a policy of early surgery in 
infants with large ventricular septal defect and poor growth 
due to congestive heart failure. 


Continued treatment with prostaglandins after 
pulmonary valvotomy for pulmonary atresia with 
intact ventricular septum 


E D Silove, L D Abrams, W J Brawn, J V De Giovanni, 
B Sethia, J G C Wright 
Children's Hospital, Birmingham 


Pulmonary atresia with intact ventricular septum (PA) is 
widely treated by stabilising with E type prostaglandin 
(PGE) then performing pulmonary valvotomy with 
modified Blalock-Taussig shunt. We elected to perform 
pulmonary valvotomy alone while continuing PGE post- 
operatively in 11 neonates with tripartite right ventricle 
and good size pulmonary arteries. All received PGE, pre- 
operatively, intravenously or orally, for one to 56 days 
(median 3 days). The median age at operation was four 
days. In six the diagnosis was made on echocardiographic 
criteria alone; five also had cardiac catheterisation. Open 
pulmonary valvotomy was performed by cardiopulmonary 
bypass in eight, inflow occlusion in three. PGE, was con- 
tinued postoperatively. One infant died 18 hours post- 
operatively with low cardiac output and high right atrial 
pressure probably related to inadequate atrial commu- 
nication. In two infants the oxygen saturation fell severely 
and a Blalock-Taussig shunt was performed within 18 
hours. The eight others were given PGE, for 3-44 days 
(mean 19 days). Balloon valvuloplasty was performed in 
two and infundibulectomy in one during the first three 
weeks postoperatively. Ten survived and have been fol- 
lowed up for six to 36 months postoperatively; one had an 
outflow patch at 22 months, three others atrial septal defect 
closure at 18 to 24 months. 

Infants with PA and tripartite right ventricle respond 
well to pulmonary valvotomy alone with continued post 
operative PGE treatment. Avoiding a shunt simplifies 
postoperative managernent. 


Late arrhythmias after the Fontan procedure 


N S Peters, Jane Somerville, D N Ross 
National Heart Hospital, London 


Arrhythmias are a problem in managing aging patients who 
have undergone the Fontan procedure. Between 1972 and 
1989, 58 patients have had this operation performed at this 
hospital. Of these patients, 31 have had postoperative 
arrhythmia documented, although most of these arrhyth- 
mic episodes were transient or fatal (11 cases) immediately 
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after operation. The incidence of arrhythmia was greater in 
patients operated on for double inlet single ventricle (14 
out of 20 (70%)) than for tricuspid atresia (16 out of 35 
(46%)). Twelve patients developed late arrhythmias three 
months to 17 years (mean onset 4-7 years) after operation; 
12 developed atrial arrhythmias, three nodal rhythm, two 
ventricular tachycardia, and one complete heart block. 
Age, right atrial pressure, pulmonary artery pressure, and 
previous shunt surgery were not preoperative deter- 
minants of tendency to early or late arrhythmia. At cardiac 
catheterisation 1 to 8 years postoperatively, however, there 
were significantly higher mean right atrial pressures in 
those that developed late arrhythmias (16-1 mm Hg, com- 
pared with 11:0; p < 0-01) and high pulmonary artery 
pressures (12:1 mm Hg, compared with 8:8 mm Hg; 
p < 0:01). Eighty-four percent of cases of atrial arrhythmia 
in particular occurred in the context of significant right 
atrial to pulmonary artery obstruction, and of the 16 
patients in the series requiring reoperation for such 
obstruction, 63% had documented atrial arrhythmia. The 
occurrence of junctional and ventricular arrhythmias did 
not correlate with any variable measured properatively or 
postoperatively. 

Rhythm disturbance, in particular atrial arrhythmia, is 
encountered increasingly in survivors of the Fontan pro- 
cedure, compromising cardiac function. In this context 
right atrial to pulmonary artery obstruction should be 
sought even if not clinically apparent. 


Is a subpulmonary ventricle in a Fontan 
circulation a Trojan horse? 


M Gewillig, Ulla Lundstróm, Kate Bull, R Wyse, 


Proceedings of the British Cardiac Society 


J Deanfield 
Hospital for Sick Children, London 


The optimal Fontan circuit is still controversial. We mea- 
sured cardiac output by Doppler echocardiography during 
graded submaximal (up to 1-5 W/kg) supine bicycle exer- 
cise in seven patients (mean age 12:8 (2:8) years) 6:8 (2:1) 
years after a Fontan with a valved right atrium to right 
ventricle connection and in 29 patients (age 12-8 (6-0) 
years) 4-7 (3-6) (years after a right atrium to pulmonary 
artery connection. Results were compared to age matched 
controls. Patients with a right atrium to pulmonary artery 
connection had a normal cardiac index at rest, but increases 
with exercise were smaller than normal (p « 0:05). In con- 
trast, patients with a right atrium to right ventricle had a 
lower cardiac index both at rest (p « 0-05) and during exer- 
cise (p « 0-01). Controls and patients with a right atrium to 
pulmonary artery connection increased their stroke volume 
(4- 1994 (nine percent and (15%) (12%) respectively) with 
exercise but all patients with a right atrium to pulmonary 
artery Fontan had a fixed or decreasing stroke volume pre- 
sumably due to the small, poorly compliant right ventricle 
incorporated in the circuit. Even the three patients with a 
right atrium to right ventricle Fontan who functioned as a 
biventricular heart (no antegrade pulmonary flow during 
ventricular diastole) were unable to increase their stroke 
volume with exercise. Age, time of follow up, or ventricular 
contractility (except when severely impaired) had no pre- 
dictive value in a multivariate analysis. 

The right atrium to right ventricle circuit is thus rate 
dependent and more vulnerable to the effects of tachy- 
cardia. This, together with the high incidence of conduit 
dysfunction-reoperation, argues against incorporation of a 
right ventricle in the Fontan circuit. 


Br Heart J 1990;64:105-8 
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RITA trial protocol 


SIR,— The merits of a well controlled clinical 
trial for the assessment of a new treatment in 
clinical medicine are established. Statisticians 
and epidemiologists have increasingly laid 
down more stringent and exacting criteria for 
conducting these trials and this has led to 
more valid results and conclusions. Recently, 
however, there have been examples where the 
criteria necessary to fulfil the demands of the 
statistician have been such that the study 
population recruited no longer represents the 
intended population and consequently the 
relevant clinical questions have not been 
answered. 

The randomised intervention treatment of 
angina (RITA) trial (1989;62:411—4) suffers 
from a major methodological error in that it 
imposes on one group of patients—the angio- 
plasty population—a treatment strategy that 
is not generally practised by the physician 
performing the procedure. The surgical 
strategies for revascularisation and the 
strategies for angioplasty are quite different 
and it 1s these strategies that should be 
compared rather than the likelihood that 
angioplasty will achieve exactly what the 
surgeon would wish to achieve. 

Coronary artery bypass surgery aims to 
revascularise all important vessels with 
lesions that are haemodynarmically significant 
at the ume of the procedure or that are 
thought likely to become so in the future. The 
strategy of angioplasty varies between 
operators, centres, and individual patients, 
but it aims to make the patient symptom free 
with a pattern of disease that has a good 
prognosis. Lesions that are not haemodyn- 
amically significant are frequently not dilated 
because of the possibility of inducing a sig- 
nificant restenosis. With angioplasty the 
operator can postpone treating these lesions 
and treat them only if they become haemo- 
dynamically significant. The surgeon, 
because of the “cost’ of surgery to the 
patient, does not have this option and 
therefore has to revascularise all vessels with 
potentially significant lesions at the time of 
the initial procedure. 

By forcing a treatment strategy on the 
physician performing the angioplasty that is 
not widely used and that favours the surgical 
arm of the trial, the result of the RITA trial, 
whatever the outcome, will have few unplica- 
tions for clinical practice. It is unfortunate 


that a large amount of effort and money is . 


being spent on this trial that does not address 
the clinical problems relevant to coronary 
artery revascularisation and will not provide 
reliable information on which the future 
allocation of resources can be based. 
K 18 vxo 
Academic Umt of Cardiovascular M 


Charing Cross and Westminster Medical Schou 
Horseferry Road, London SW1P 2AR 


This letter was shown to Dr Hoidsrion; who 
rephes as follows: 


Sm,—Several of the points raised by Dr Beatt 
were initially considered very carefully by the 


Protocol Committee of the RITA trial and his 
letter does not state the position correctly. 
Extensive surgical experience has shown the 
benefits of complete revascularisation and it 
was felt likely that the extent of revascularisa- 
tion would also be important in patients 
treated by percutaneous transluminal coron- 
ary angioplasty. The angioplasty philosophy 
that only some of the important lesions need 
be dilated is not universally accepted and 
attempts to achieve complete revascularisa- 
tion account for the tremendous increase in 
multivessel dilatations in the United States. 

The RITA trial requires that the car- 
diologist &nd surgeon plan to achieve 
equivalent revascularisation. There 1s no 
commitment for the cardiologist to dilate 
subclinical lesions that would be grafted by 
the surgeon nor is there a commitment for the 
surgeon to leave subclinical stenoses ungraf- 
ted. For example the surgeon might decide to 
bypass two tight stenoses and an additional 
50% stenosis in another vessel. The angio- 
plasty requirement would be to dilate the two 
tight stenoses but not necessarily the 50% 
stenosis. 

The question whether incomplete revas- 
cularisation by angioplasty can produce 
results that compare with complete revas- 
cularisation by coronary artery bypass graft- 
ing 1s being addressed by other trials, such as 
the Bypass Angioplasty Revascularisation 
Investigation (BARI) and the Coronary 
Artery Bypass Revascularisation Investiga- 
tion (CABRI), and it has always been recog- 
nised that these trials favour the surgical arm. 

It seems that Dr Beatt has misunderstood 
that subclinical lesions need not be dilated in 
the RITA trial and this results in his final 
comments. 

R A HENDERSON 
Department of Cardiology, Guy’s Hospital, 
St Thomas Street, London SEI 9RT 


For the RITA Trial Executive Committee 


Major complications of coronary 
arteriography: the place of cardiac 
surgery 


SiR,—Stewart et al (1990;63.74-7) suggest 
that it may be more desirable to expand 
facilities at regional centres rather than 
devolve the investigation to district general 
hospitals, even though suitably trained car- 
diologists may practice there. Their study 
does not support this contention at all. It 
would be of interest to hear from the many 
hospitals already performing coronary 
angiography without cardiac surgery on site. 
Are these to be phased out because they are 
unsafe? 

Indeed, several centres are performing not 
only coronary angiography but coronary 
angioplasty without on site facilities for car- 
diac surgery. Richardson et al recently repor- 
ted the Belfast experience for percutansous 
transluminal coronary angioplasty without 
on site facilines for cardiac surgery and 
concluded ‘‘With careful selection of patients 
coronary angioplasty may be safely perfor- 
med in a hospital without on site cardiác 
surgery facilities, provided that these are 
available at a nearby centre.""! 

We are in an era of trying to improve the 
availability of cardiac investigations to 
increased numbers of the population but this 
demand cannot be met solely by the regional 
centres. To avoid unnecessary delay it seems 
reasonable for properly trained cardiologists 
to perform coronary angiography locally ar 
district general hospitals provided the images 


105 


obtained are of diagnostic quality, In my 
opinion this proviso is the limiting factor. A 
study ıs currently under way at Matdstone 
and Guy’s Hospital and preliminary results 
suggest that coronary angiography at district 
general hospitals ıs safe, reliable, feasible, 
affordable, and diagnostic. ' 

The debate will clearly continue as Mills 
suggested in his editorial in the British Heart 
Journal,’ The outcome may revolutionise the 
practice of cardiology in the United King- 
dom. 


PHYLLIS M HOLT 
The Maidstone Hospital, General Wing, 
Hermitage Lane, Maidstone, Kent MEIG 90Q 


1 Richardson SG, Morton P, Murthah JG, 
O'Keeffe DB, Murphy P, Scott ME. 
Management of acute coronary occlusion dur- 
ing percutaneous transluminal coronary 
angioplasty. experience of complications in a 
hospital without on site facilities for cardiac 

. Br Med J 1990,300.355—8 

2 Mills P. Should coronary angiography be per- 
formed in district hospitals?. Br Heart J 

1990;63.73. 


Catheters or isotopes in the district 
general hospital? 


Smr,—Stewart et al highlighted the potential 
problems of “routine” coronary arterio- 
graphy performed without surgical cover 
(1990,63:74-7), and Mills has used their 
findings to fuel the debate about the safety of 
coronary arteriography in the district general 
hospital (1990;63.73). I believe that the 
debate is academic. 

In patients with stable coronary artery 
disease diagnostic and therapeutic decisions 
can usually be made on the basis of the 
history, examination, electrocardiography, 
and non-invasive assessment of myocardial 
perfusion by thallrum-201 or one of the newer 
technetium isonitriles.! But cardiologists who 
are unaware of the high quality of modern 
emission tomography feel the need to resort 
to coronary arteriography to be on safe 
ground. Non-invasive tests alone, however, 
can be used to decide who is at high risk of 
future cardiac events and could presumably 
benefit from intervention and who may con- 
unue on medical treatment?) Indeed, 
myocardial perfusion imaging 1s better than 
coronary arteriography for predicung out- 
come.’ A knowledge of the coronary anatomy 
(as opposed to function) 1s needed only to 
guide the interventional cardiologist or the 
cardiac surgeon and therefore should be 
limited. to. the specialist centre. Here the 
decision to intervene has usually been made 
before referral and coronary arteriography 
cannot be avoided; but myocardial perfusion 
imaging remains important as an objective 
indicator of the site, extent, and depth of 
ischaemia. 

Good quality nuclear cardiology is avail- 
able only in a few district hospitals because 
many see it as a specidlist technique that 
should be practised only 1n a specialist centre. 
The opposite is the case and the technique is 
most effective in aiding triage in hospitals 
without access to coronary arteriography.’ 
Most districts do have access to nuclear 
medicine equipment but a recent survey 
showed considerable underuse of nuclear 
cardiology in the United Kingdom. Only 
inertia and poor traming in nuclear tech- 
niques can explain this 

Some cardiologists dismiss these views as 
those of an enthusiast. It is true that en- 
thusiasm is an important part of providing a 
reliable nuclear cardiology service, but those 
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that doubt the effectiveness of non-invasive 
techniques forget that it 15 their unfamiliarity 
that limits the value of myocardial perfusion 
imaging and not the technique itself. Instead 
of ignoring it they should follow the practice 
of their colleagues who are able to manage 
patients with objective measurements of 
myocardial perfusion rather than subjective 
impressions of the severity of disease made 
from the coronary arteriogram. They might 
then find that they can make many thera- 
peutic decisions without the need to reach for 
their catheters, and we shall be spared the 
debate about the role of cardiac catheterisa- 
tion in the district general hospital. 


RICHARD UNDERWOOD 
National Heart and Lung Institute, 
Dovehouse Street, London SW3 6LY 
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Acromegalic beart disease 


Sm,— We disagree with several of the 
statements in the article by Rodrigues et al 
entitled **Subclinical cardiac dysfunction in 
acromegaly: evidence for a specific disease of 
heart muscle" (1989,62.185—94) 

In the summary Rodrigues et al say that 
“This 1s the first study to find evidence of 
subclinical cardiac diastolic dysfunction in 
acromegaly”, and in the discussion they say 
that "Left ventricular diastolic function has 
not previously been studied in acromegaly”, I 
would like to draw attention to the paper of 
Berton and Morandi entutled “Impaired left 
ventricular diastolic function in acromegaly: 
an echocardiographic study", where relaxa- 
ton abnormalities of the left ventricle were 
shown in acromegalic patients in 1987.' 

On the basis of the paper by Lie and 
Grossman,” Rodrigues et al suggest that the 
fibrosis which is partly responsible for the 
diastolic filling disturbance 1s a consequence 
of an inflammatory process. Van den Heuvel 
etal took biopsy specimens of the right 
ventricle of an acromegalic patient and later 
examined specimens taken at necropsy. Both 
specimens showed the same changes hyper- 
trophic myocardial fibres and some fibrous 
thickening of the endocardium There was no 
evidence of any inflammatory changes.’ In 
rats with myocardial hypertrophy caused by 
tumours producing growth hormone Gilbert 
et al found direct evidence that there was no 
underlying inflammatory process * 


These results prove that the main patho- 
logical background of acromegalic heart dis- 
ease is left ventricular hypertrophy, with 
some contribution from myocardial fibrosis 
and the increased collagen content of the 
myocardium We found the dilated form of 
the disease 1n a few of our patients but not an 
inflammatory process; these patients were 
burned-out cases with lower seruzn concen- 
trations of growth hormone than those with 
hypertrophy.’ 

Rodrigues et al cited the second edition of 
Feigenbaum’s Echocardiography (not pub- 
lished in 1979 but in 1976) as saying that 
echocardiography is an insensitive method of 
assessing left ventricular function. However, 
this 1s not the opinion given in the fourth 
edition published in 1986.° Radionuclide 
ventriculography 1s probably a better method 
of assessing the ejecnon fraction than 
echocardiography. But because there are 
several other indices of left ventricular func- 
ton (for example, enlargement of the ieft 
ventricle and segmental wall movement 
abnormalities) echocardiography cannot be 
deemed to be an imsensitive method of 
evaluating left ventricular function ' 

In Rodrigues et aľs paper apart from 13 
self-citations, there are only three references 
from 1982—84 and only one, an abstract, dated 
1986 The references I cite were published 
between 1983 and 1987. 


M CSANADY 

2nd Department of Medicine, 

Albert Szent-Gyorgy: Meaical School, 
Szeged, Hungary 


1 Bertom PD, Morandi G Impaired left ven- 
tricular diastolic function m secromegaly. 
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680-4 


This letter was shown to the authors, who reply 
as follows 


SIR,—In reply to Csanády's letter we would 
like to make the following comments Berton: 
and Morandi published a paper on left ven- 
tricular diastolic function in 1987, but our 
study was largely completed 1n 1986 and was 
presented in part to the Brush Cardiac 
Society in December 1986? 

Csanady seems to disregard the seminal 
work on pathological findings of Lie and 
Grossman! in favour of the necrospy findings 
in a patient described by van den Heuvel 
et al * Necropsy findings ın only one patient 
do not disprove the findings of a large study. 
Furthermore, in our study we tried to assess 
the influence of myocardial hypertrophy by 
studying left ventricular mass derived 
echocardiographically and showed that there 
was no correlation between peak filling rate 
abnormalities and left ventricular wall thick- 
ness or left ventricular mass. Therefore, it 1s 
unlkely that the abnormal! peak filling rate 
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seen in our patients was merely a reflection of 
hypertrophy. 

Though we agree that echocardiography 
can be used not only to measure ejection 
fracuon but also to assess the anatomucal 
consequences of left ventricular dysfunction, 
such as left ventricular enlargement and wall 
motion abnormalities, the point we made in 
our discussion was that subtle changes in 
diastolic relaxation were shown better by 
radionuclide ventriculography Indeed, 
Feigenbaum’ pointed out the drawbacks and 
pitfalls of calculating ejection fraction by 
cross sectional echocardiography and did not 
go into any detail about the assessment of 
subtle diastolic function by this technique. 
We referred to our previous validation 
studies in the text to establish the quantitative 
success and reproducible nature of the 
radionuclide technique for assessing subtle 
diastolic left ventricular dysfunction. Many 
methods have been used to study a large 
group of patients with a rare condition. 
Previous studies did not deal with the same 
questions, nor was thallium-201 imaging 
used to exclude obstructive coronary artery 
disease. Thus our suggestion that radio- 
nuclide ventriculography 1s better than 
echocardiography for picking up subtle left 
ventricular diastolic dysfunction is valid 
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Severe haemolytic aneemia after 
replacement of the mitral valve by a St 
Jude medical prosthesis 


Sm,— The interesting case report by Feld 
and Roth (1989,62:475—6) of severe haem- 
olytic anaemia after mitral valve replacement 
with a St Jude medical prosthesis highlights 
the difficulty in detecting mutral parapros- 
thetic leaks. Despite clinical evidence of 
mitral regurgitauon in their patient, careful 
echocardiography with Doppler studies 
failed to detect any prosthetic abnormality 
and left heart catheterisation was required to 
show severe paraprosthetic regurgitation. 
We found that transoesophageal echocar- 
diography with a 5 MHz phased array trans- 
oesophageal transducer (HP 21362A) was 
helpful in nine patients (mean age 58 years) 
with mitral prosthetic regurgitation. One of 
them also had severe haemolytic anaemua 
after the insertion of a 27 mm St Jude mitral 
prosthesis Mitral regurgitation was detected 
by transthoracic echocardiography, includ- 
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ing Doppler studies and colour flow mapping, 
in only six patients. Transoesophageal echo- 
cardiography clearly showed paraprosthetic 
leaks in all six patients with a mechanical 
prosthesis and central leaks due to leaflet 
dehiscence in all three patients with a bio- 
prosthesis. These results were confirmed by 
cardiac catheterisation or operation or both in 
five patients, with two patients proceeding to 
surgery on the basis of transoesophageal 
echocardiographic findings alone. 

The evaluation of prosthetic mitral valve 
dysfunction by transthoracic echocardiogra- 
phy is hmited by acoustic masking by the 
prosthesis, whereas the transoesophageal 
probe can be positioned directly behind the 
left atrium. The results of transoesophageal 
echocardiography of mitral prosthetic dys- 
function correlate well with surgical find- 
ings.”° 


Anzac Parade, Little Bay 2036, 
Sydney, Austraha 
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ysfunction: echo-surgical correla- 
uon [Abstract]. J Am Coll Cardiol 1989; 
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Follow up of patients treated with 
balloon dilatation of the aortic valve 


Sır; —Vogel etal (1989;62:148-53) used 
pressure differences measured invasively as 
peak to peak gradients and non-invasively by 
Doppler echocardiography as peak instanta- 
neous gradients to evaluate the success of 
treating aortic valve stenosis by balloon 
dilatation. They used a regression equation 
obtained by comparing the results in 12 
panents to correct Doppler gradients to the 
corresponding peak to peak gradients. There 
are several objections to this approach: 

(a) Peak to peak gradients measured by 
catheterisation and peak instantaneous gra- 
dient measured by Doppler echocardio- 
graphy are conceptually different and the use 
of regression equations to estimate one from 
the other is not reliable.! Large differences are 
frequently seen between these two types of 
gradient, ?? 

( bj This difference is often considerable in 
patients with aortic regurgitation,’ which was 
present in 60°, of the patients 1n this study 
after the procedure. 

(c) The peak instantaneous gradient is 
always higher than the peak to peak gradient.” 
The regression equation applied showed that 
the inverse was the case in the reported study, 
indicating less than perfect Doppler echo- 
cardiographic recordings. 

If pressure gradients are used it 18 probably 
more appropriate to estimate cither mean 
gradients or peak instaneous gradients, both 
of which can be measured invasively as well as 


by Doppler echocardiography. This elimi- 
nates the need for a regression equation. 

The use of valve areas has been recommen- 
ded for follow up of adult pauents.* This is 
probably more important in children, in 
whom the absolute valve areas vary more than 
in adult: patients. I recommend use of the 
continuty equation to calculate the valve 
areas according to Skjaerpe et al? using the 
actual transvalvar flow. 

DAG TEIEN 
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Umed Unmersity Hospital, 

$-901 85 Umeå, Sweden 
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This letter was shown to Dr Benson, who replies 
as follows: 


Sm,—Dr Dag Teien’s comments prompted 
us to review our study and we agree with him 
that peak to peak gradients are poor reflec- 
tions of instantaneous gradients across the 
stenosed aortic valve. The instantaneous 
gradient generally does overesumate the peak 
to peak gradient. Our regression equation 
was obtained at the same time as direct 
measurements of aortic and left ventricular 
pressures in the catheterisation laboratory. 
Upon reflection, it has become clear to us that 
under these conditions alterations 1n pressure 
and flow dynamics, systolic ejection times, 
and arterial compliance can influence the 
contour of the upstroke of the aortic pressure 
curve in such a way as to have the peak to peak 
gradient approach the instantaneous gra- 
dient. We no longer use the regression equa- 
tion to correct the pressure gradient estumate. 
Because we did not find depressed pump 
function in children with aortic stenosis we 
still regard the left ventricular to aortic 
gradient as clinically useful in decision 
making. This view is supported by the studies 
of the course of untreated aortic stenosis? in 
the paediatric patients in which peak to peak 
gradients rather than valve areas were used 
for assessment. Furthermore, from infancy to 
adolescence valve areas change considerably, 
in a non-linear way, which additionally com- 
plicates estimating a normal valve area for a 
given patient 
LEE BENSON 
Division of Cardiology, 
Department of Paedarrics, 
The Hospital for Sick Children, 


555 Unrvernty Avenue, Toronto, 
Ontario, Canada MSG 1X8 
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Electrocardiography of Arrhythmias. 
Charles Fisch. (pp 451; £34.03.) Philadelphia 
and London: Lea and Febiger, 1990, ISBN 0- 
8121-1265-2. 


Does the surfeit of books on basic electrocar- 
diography—introductions, primers, guides 
and the like—tell us that the subject is unduly 
difficult to comprehend? Perhaps it is too 
much taken for granted or possibly ignored 
by teachers; certainly ın the United King- 
dom, the home of Waller and Lewis two of the 
founding fathers, this seems to be so. We have 
no tradition of the “heart station" with re- 
porting of tracings as a regular feature of 
hospital life and thus less opportunity for the 
watching student to learn the practical side of 
reporting from a mentor. 

The European masters did know their 
fundamentals, however, though many had to 
make their way to the United States in the 
years encompassing the second world war. A 
happy liaison then developed between the 
rising expert on arrhythmias at the Michael 
Reese Hospital in Chicago, Louis N Katz, 
and two immugrants from Prague, Richard 
Langendorf and Alfred Pick. From them 
came a succession of papers and books on 
arrhythmias that have become classics. And 
now we havea major contribution from one of 
tbeir foremost disciples and colleagues, 
Charles Fisch of Indianapolis. Dr Fisch 1s 
particularly well known for the courses he 
conducts at his Krannert Institute; but his 
programme on advanced arrhythmias on the 
Sunday before the annual meeting of the 
American College of Cardiology has brought 
him to the attention of many more who crowd 
into the lecture theatre to learn from his 
incisive analyses carried out in the form of a 
dialogue with members of a team to whom he 
shows complex tracings. 

Now he has assembled and analysed rep- 
resentative selections from his extensive 
collection of material in the form of this book. 
It is not for the beginner, who might be better 
advised to have at hand and consult some- 
thing like Dunn and Lipman’s Lipman- 
Massie Clinical Electrocardiography (which 
also reflects the approach of the Chicago 
school) as well as a recommended introduc- 
tory text. What Fisch does provide is an 
essential code book that explains concepts 
and phenomena which must be understood if 
the electrocardiographic analysis of arrhyth- 
mias—simple as well as complex—is to be 
more than the memorisation of some pat- 
terns. 

Here we find descriptoons of events that 
influence the electrocardiogram in classic, 
important, but too often poorly comprehen- 
ded ways. The chapter headings indicate that 
this 18 no ordinary book that starts at the sinus 
node and ends with the recovery of the 
ventricles. They show the reader what 1s so 
often missing from the more conventional 
texts: careful descriptions of, for example, 
concealed conduction, aberration, and 
entrance and exit block that make possible 
understanding of what otherwise seems so 
difficult to sort out. 

Although the text is liberally explained by 
well annotated examples of conventional elec- 
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trocardiographic tracings, the author does 
not hesitate to use intracardiac recordings and 
monophasic action potentials to assure the 
validity of his explanations Citation of 
references 1s meticulous and deals appro- 
priately with contemporary sources while not 
neglecting proper mention of those who first 
observed and elucidated specific findings. 
Production 1s of corresponding quality, the 
illustrations are clear, and the index 18 
accurate and helpful Charles Fisch’s book 1s 
an important contribution to the better re- 
cognition of arrhythmias by those who use 
standard electrocardiographs and 1s likely to 
remain an essential tool for all who read 
tracings showing rhythm disturbances. 
DENNIS M KRIKLER 


Diseases of the Heart. Eds Desmond G 
Julian, A John Camm, Kim M Fox, Roger J C 
Hall, and Phiip A Poole-Wilson. (pp 1709, 
£55 00) London. Bailliere Tindall, 1989. 
ISBN 0-7020-1260-2. 


Written and edited by master clinicians, this 
book has a uniform tone—a difficult 
achievement with more than 62 contributors. 
As stated 1n the preface, the editors’ guide was 
Paul Wood’s text which “combined lucidity 
with erudition”. The objective seems to have 
been realised because Diseases of the Heart 18 
readable but still learned. 

Some texts are so coldly objective that they 
might have been written by non-clinical 
scienusts; not so Diseases of the Heart. It 1s 
obvious that the contributors are clinicians 
with considerable experience and clinical 
acumen The text for the most part 1s not 
overburdened with reference numbers 
though the density of references is variable. 
The impression 18 of a well considered and 
balanced viewpoint rather than just a review 
of published reports The chapter on chronic 
heart failure by Professor Philip Poole- 
Wilson 1s a particularly good example of this. 
The chapter on angioplasty 1s another 
example of the approach of the experienced 
teacher-chnician—Dr M F Shiu has been 
there He may even have introduced a new 
word—<sobliteration 

There is a great deal more drug informa- 
tion in Diseases of the Heart than 1s usual for 
standard textbooks. That is a plus. It is 
somewhat distracting, however, to need to 
refer quite so frequently to the Appendix, 
where a brief and useful description of some 
commonly used cardiovascular drugs is 
tabulated. Perhaps too much effort was made 
to avoid repeutiveness by reference to the 
Appendix rather than by including the 
material in the relevant chapter. For example, 
when the use of yverapamul 1n atrial flutter 18 
described ıt would be useful to read (on the 
same page) the contraindications, pre- 
cautions, and drug interactions that should 
come to mund. Though some cautions are 
given later when the drug’s use for supra- 
ventricular tachycardias is discussed, the 
presentation of drug information in the text is 
somewhat uneven 

The chapters on non-invasive diagnostic 
and evaluanve technologies are excellent 
Magnetic resonance imaging and computed 
tomography are made as readily understand- 


able as possible. Other technologies are also 
well covered. The chapter on exercise testing 
is particularly well done in terms of the 
usefulness of the test in clinical decision- 
making. Once again, it is the teaching 
approach that makes the difference. 

To assess the usefulness of Diseases of the 
Heart as a practical clinical reference book, I 
used ıt on general cardiology teaching rounds 
for one month, looking up every patient 
problem as it presented. In almost all cases 
the material contained in Diseases of the Heart 
was relevant to the management of the patient 
in question and provided practical guidance 
Relevant information about conditions that 
are encountered less frequently could also be 
found ın most cases The scope of the text 1s 
comprehensive without being overwhelming 

The tllustrations are generally good, the 
print easy to read, and the indexing adequate. 
Some of the electrocardiograms have been 
“touched up". For the purist this 1s some- 
what distracting. But if the teaching points 
are made clearer, the end may justify the 
means. 

Diseases of the Heart 1s a good and useful 
text with a strong clinical orientation. The 
editors achieved all their goals except for one. 
It is still a heavy book and not exactly “easier 
to handie”. But there 1s a lot of material to 
cover, probably more than when Paul Wood’s 
Diseases of the Heart and Circulation was 
written; some might question whether essen- 
ual and clinically relevant knowledge has 
increased to the same degree as the size of our 
texts Paul Wood compressed large amounts 
of information to achieve clinical relevance 
and readability. Diseases of the Heart comes as 
close to replicating his style as any currently 
available text. Medical students, house 
officers, and practitioners should all benefit 
by the experience and insight of the authors of 
this text. 

SUZANNE B KNOEBEL 





NOTICES 


British Cardiac 
Society page 





The British Cardiac Society has become 
progressively more active in recent years 
under the guidance of its council and of 
successive presidents. I am sure this trend 
wil continue. We have much to do. The 
problems that face us in 1990 are manifold 
and impinge on all of us. 

The revision of the National Health 
Service under the terms of the white paper is 
taking us into uncharted territory which we 
may regard with apprehension but cannot 
avoid Technological advances offer 
increased prospects of reducing the mortality 
and morbidity of heart disease, but many 
pauents do not benefit from new treatments 
because we have too few carciologists 
struggling to maintain a service with 
resources that increasingly fail to match 
demand. The pattern of traimung for our 
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registrars 1s being revised, with disagreement 
between those who want faster progression to 
consultant status and others of us who 
believe that training programmes must offer 
sufficient experience in cardiology to produce 
specialists regarded as competent both here 
and throughout Europe. The momentous 
changes in our continent will provide 
opportunities and challenges that we must be 
able to meet. But closer liaison in the political 
arena is accompanied by more diversity 
professionally, with the risk of fragmentation 
of interest, as we are all driven to increasing 
specialisation. Finally, in our country more 
than most, academic  cardiology— and 
academic medicine ın general—feels under 
siege and must be supported. 

In these difficult and exciting times the 
Cardiac Society must become a more impor- 
tant focus for our activities. From within the 
society we must learn to communicate more 
effectively The officers and the council will 
want to keep members well informed of their 
activities and to be responsive to the opinions 
of all our colleagues in the specialty. We will 
explore ways of achieving these twin goals, 
but I hope that one method will be by making 
more use of our own journal. The editor has 
agreed to a British Cardiac Society page. 

As your president I want to be responsive 
as well: to new ideas from members, to 
cnticisms, and to requests for help or advice 
which I can direct appropriately when I 
cannot address them myself I hope members 
will feel free to contact me as often as they feel 
the urge to do so. The path, I recognise, will 
not always be smooth. There is a great recipe 
for avoiding trouble—called  :nactivity. 
Neither I nor the council will follow it, and I 
do not think that you would want us to do so. 

DOUGLAS CHAMBERLAIN 
Prendent, Brush Cardiac Society 


British Cardiac Society 

The Annual Meeting will take place at the 
Scotush Exhibition Centre, Glasgow, on 30 
April to 3 May 199]. 


Cardiopulmonary emergencies 

The 6th International Symposium on 
Cardiopulmonary Emergencies will take 
place in Rotterdam on 26 to 29 November 
1990 Inquiries to Dr Omar Prakash, Thorax 
Centre, Erasmus University, 3000 DR 
Rotterdam, The Netherlands Telephone: 
31-10-463 5230. Fax 31-10-463 5240. 


Coronary arteriography 

The 4th International Symposium on 
Coronary Artenography will take place in 
Rotterdam on 23 to 25 June 1991. Further 


information from Hoboken Congress 
Organisation, Erasmus University 
Rotterdam, PO Box 1738, 3000 DR 


Rotterdam, The Netherlands. Telephone: 
31-10-408 7881/2 Fax: 31-10-436 7271. 


Echocardiography 

The 9th Symposium on Echocardiography 
will take place in Rotterdam on 26 to 28 
June 1991. Further information from 
Hoboken Congress Organisation, Erasmus 
University Rotterdam, PO Box 1738, 3000 
DR Rotterdam, The Netherlands. Tele- 
phone 31-10-408 7881/2. Fax: 31-10-436 
7271 
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H. M. Piper, University of Düsseldorf (Ed.) 
Cell Culture Techniques in 
Heart and Vessel Research 


1990. XIV, 362 pp. 73 figs. 19 tabs. 
Hardcover DM 176,- ISBN 3-540-51934-3 


This book meets the demand for a compre- 
hensive and easily accessible source for cell 
culture methods in cardiovascular research as 
was not previously available. 

The basic methods for cultures of cardiomyo- 
cytes (embryonic and adult), endothelial cells 
(micro- and macrovascular), smooth muscle 
cells and pericytes are described in detail by 
an international selection of experts. Special 
chapters discuss the use of growth factors and 
attachment substrates, techniques for co- 
cultures, cultures on permeable filter mem- 
branes and microcarrier cultures. The meth- 
odological descriptions are sufficiently de- 
tailed for immediate application in the labora- 
tory. All chapters also contain a critical 
evaluation of alternative approaches. 


J.-P. Camilleri, C. L. Berry, J.- N. Fiessinger, 
J. Bariéty (Eds.) 


Diseases of the Arterial Wall 


1989, X XIX, 693 pp. 333 figs. 
Hardcover DM 650,- ISBN 3-540-17492-3 


This text combines extensive coverage of 
normal structure and function of the arterial 
wall with detailed accounts of the changes 
that occur in disease. These data are pre- 
sented in a comprehensive way not found 
elsewhere; they are essential for the proper 
understanding of arterial disease and for its 
investigation using modern methodology. 


Distribution rights for Japan: 
Igaku Shoin, Tokyo 
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J. Brachmann, A. Schémig, 
University of Heidelberg (Eds.) 


Adrenergic System and 
Ventricular Arrhythmias 
in Myocardial Infarction 


1989. XHI, 363 pp. 126 figs. 14 tabs. 
Hardcover DM 126,- ISBN 3-540-50593-8 


This book presents new aspects of electro- 
physiological mechanisms and catecholami- 
nergic contributions in the setting of acute 
and chronic myocardial ischemia. Special 
emphasis is placed on the full scope from 
basic molecular and cellular mechanisms to 
experimental models of close clinical prox- 
imity. 

Contents include release and uptake of cate- 
cholamines in ischemia, regulation of recep- 
tors, adrenergic contribution to ventricular 
arrhythmias and mechanisms of ischemic 
malignant arrhythmias as well as underlying 
changes in membrane currents and the elec- 
trophysiological response to beta-adrenergic 
blocking drugs. 


ihmann A. Schomig «Ec 


Adrenergic System. 
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Arrhythmias 
Infarction = — 


R. W. Jelliffe, University of Southern 
California, Los Angeles 


Fundamentals 


of Electrocardiography 


1990. X, 214 pp. 191 figs. Softcover DM 90,- 
ISBN 3-540-97185-8 


This well-written, up-to-date book provides a 
succinct account of the basic aspects of elec- 
trocardiography. It is intended for the resi- 
dent or medical student seeking an under- 
standing of the physiology of the ECG. 


Prices are subject to change without notice. 
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With a Foreword by 
A. Margulis 
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Hardcover DM 168, ISH! 
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interventional 
1989. X VIL 415 pp. 135 fies. 
Hardcover DM 180.- 

ISBN 3-540-96783-4 


Gives you practical guidelines lo interven- 
tions, describing procedi 
modern technology and ar üiphasis 
on the “how-to” aspects. T? 
techniques, results and mere 
dure are given. 

These include: coronary 
angioscopy, valvuloplasty. lasti 
transplanta- 
tion as well as 
basic proce- 
dures such as 
cardiac cathe- 
terization, 
electrophysio- 
logic studies 
and automatic 
implantable 
defibrillators. 
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; ' Editorials 109 Ultrasound and coarctation of the aorta J L Gibbs 
| ; 111 ST segment changes as a surrogate end point in coronary thrombolysis W S Hills, K / Fogg 


113 Reduction in ST segment elevation after thrombolysis predicts either coronary reperfusion or 
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Ultrasound and coarctation of the aorta 


Initial reports of cross sectional echocardiography in the 
diagnosis of coarctation of the aorta were very promising,” 
with the technique allowing operation to be carried out 
without invasive investigation in many patients.’ As 
experience grew, however, it became clear that high quality 
images of the aortic arch are not universally obtainable, that 
cross sectional echocardiography does not always provide 
an answer, and that occasionally it may even lead to false 
positive diagnosis of an aortic arch obstruction.* Doppler 
ultrasound was welcomed as a solution. Published studies 
were reassuring; calculation of the pressure drop across the 
reported to reflect accurately both the blood pressure 
difference between the upper and lower limbs"? and the 
invasively measured pressure gradient," but again 
experience proved this approach to be too simplistic. Just 
as for other cardiovascular stenoses, gradients estimated by 
Doppler represent maximum instantaneous values rather 
than the traditionally used difference between peak systolic 
pressures on both sides of an obstruction. The differences 
between these two measurements may be considerable and 
clinically important.’ 

Disappointingly, even when these differences are taken 
into account, in some patients there is poor agreement 
between the coarctation gradients measured invasively and 
by Doppler.” ? Various factors are responsible for this. It 
can be difficult to align the Doppler beam with flow, 
complex flow dynamics in the aortic arch may invalidate 
some of the assumptions made in the calculation of 
pressure drop, and a tunnel like stenosis when present is a 
less suitable subject for Doppler calculations than a dis- 
crete obstruction. Furthermore, it is now clear that severe 
obstruction of the aortic arch may be associated with 
normal or near normal aortic flow velocities depending on 
the state of the ductus arteriosus’ '* or the presence of 
extensive collaterals.'? | 

Use of the pressure gradient as an indicator of severity of 
valve stenosis has long been recognised as being fraught 
with problems, largely related to the dependence of 
gradient on blood flow. Similar confusion about the value 
of the pressure gradient in coarctation is understandable 
because this too is dependent on factors other than the 
degree of obstruction. Stroke volume, the presence of a 
ductus arteriosus, and the extent of the collateral supply to 
the descending aorta are all important factors. Thus many 
of the difficulties associated with the assessment of the 
severity of valve stenosis’ are common to the assessment of 
coarctation and could be avoided, at least in theory, if the 
effective orifice area at the site of the coarctation could be 
estimated. 

The concept of pressure decay (a square function of 
velocity decay) across an obstruction to flow as an indicator 
of effective orifice area has long been applied to fluid 
dynamics and was first applied in invasive cardiology to 


mitral stenosis," later being adapted for use with Doppler 
ultrasound.” Disappointingly, like most single variables in 
heart disease, pressure decay across the mitral valve is 
affected by factors other than stenosis-—such as ventricular 
compliance and aortic regurgitation. 

Dr Carvalho and her colleagues (p 133) confirmed thax 
the Doppler pressure drop alone cannot always be relied 
upon to predict the severity of coarctation of the aorta. 
They propose an additional measurement of diastolic flow 
velocity decay—the time to half peak diastolic velocity. 
This is defined as the time taken for flow velocity to fall 
from its peak value in diastole (measured at the end of the T 
wave of the electrocardiogram) to half this value. Prolonged 
flow deceleration in coarctation has long been recognised as 
diagnostically important®’’*' but little effort has been 
made to introduce a simple quantitative measurement of it, 
such as the time to half peak diastolic velocity. The 
combination of this measurement with pesk systolic 
velocity considerably improved both the test sensitivity 
and the predictive value of a negative test compared with 
either measurement used alone in the patients studied. 

There seems little doubt that pressure (or velocity) decay 
across the aortic arch in coarctation will also be affected by 
factors such as vascular resistance, the competence of the 
aortic valve, the presence of a ductus arteriosus, and the 
extent of collateral blood supply to the descending aorta. In 
the absence of these complicating factors, the combination 
of measurements of peak flow velocity and How velocity 
decay is clearly useful. However, when com; 














plicating 
factors are present uncertainty will still arise, and then the 
best reference standard is still probably angiographic 
measurement of the aortic lumen as used by Carvalho er al. 
Even angiography may be difficult to interpret, however, 
because it is dependent on arbitrarily defined criteria of 
severity mainly relating to anatomical features. The impor- 
tance of careful consideration of physiology as well as 
anatomy was emphasised by studies during exercise after 
operation for coarctation. Some alarming physiological 
changes may be seen with exercise even when there are 
no striking signs of residual or recurrent coarctation at 
rest??? 

Non-invasive assessment of the severity of coarctation 
may be enhanced by measurement of velocity decay as well 
as peak flow velocity, but even the combination of these two 
measurements will not provide an answer in every patient. 
Further improvement in diagnosis is clearly desirable and 
it is hoped will prove possible with continued attempts to 
develop a combined anatomical and physiological approach 
that should involve exercising the patient. 
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ST segment changes as a surrogate end point in coronary 


thrombolysis 


The role of thrombolysis in the treatment of acute myocar- 
dial infarction is now established by the GISSI study, 
which was presented at the time of the American College of 
Cardiology scientific sessions in New Orleans in March 
1990. The enormous size and costs required to measure the 
difference in mortality in comparative trials impose many 
limitations and in future small specific subsets will need to 
be studied. There is increasing interest in examining 
surrogate end points for coronary artery patency in such 
studies. 

The extent of the improvement in left ventricular 
function shown after reperfusion is disproportionately 
small compared with the associated reduction in mortality, 
suggesting that reperfusion has an as yet unidentified 
benefit. The patency of the infarct related vessel therefore 
remains the main goal of treatment and coronary 
arteriography remains the “‘gold standard” for the assess- 
ment of reperfusion. Identification of reperfusion is impor- 
tant in the assessment of the efficacy of new thrombolytic 
agents, differing regimens of administration of available 
agents (such as bolus dosing), or the role of adjunctive 
medication such as antiplatelet treatment. The identifica- 
tion of arteries that remain occluded is also important 
because it predicts a higher mortality in some patients, who 
might benefit from early additional intervention such as 
intracoronary thrombolysis or salvage angioplasty. 

The complications associated with early angiography 
have been overestimated because they may include those of 
angioplasty with its additional risk of bleeding complica- 
tions and coronary artery occlusion. Further assessment of 
the risk-benefit ratio of angiography in acute myocardial 
infarction is required, because the management of patients 
may be improved by the identification of the number of 
diseased vessels, the patency or occlusion of the infarct 
related artery, and early assessment of left ventricular 
function. A recent trial to compare the angiographically 
demonstrated patency rates achieved after the administra- 
tion of either anistreplase or streptokinase focused atten- 
tion on the ethical aspects of performing invasive 
procedures early after myocardial infarction in the 
presence of thrombolysis.' ^ We need to know more about 
the risks of local haemorrhage, bleeding at distant sites, and 
the morbidity associated with angiography. 


Non-invasive assessment of reperfusion 
Non-invasive markers associated with reperfusion have 
been tested to determine their specificity and sensitivity in 
predicting early vessel patency. Reperfusion may alter the 
temporal patterns of release of creatine kinase or its specific 
cardiac isoenzyme. Myoglobin or myosin release may show 
different temporal and qualitative patterns with reper- 
fusion. Because these investigations are not immediately 
available in most coronary care units, such determinations 
tend to be retrospective, which limits their clinical useful- 
ness for decisions made early in the course of myocardial 
infarction. 


The measurement of the changes in the 57 segment of 
the electrocardiogram therefore remains an attractive non- 
invasive investigation. It is widely used and understood 
and can be repeated with a high degree of reproducibility. 
Group studies showed that there is a greater fall in ST 
segment elevation in patients who reperfuse than in those 
who do not. We stil do not know how useful this 
measurement is in predicting reperfusion in individual 
patients. The use of various methods to analyse the changes 
in ST segment — measurements from multiple dipole 
electrograms, the sum of ST segments over a 12 lead 
electrocardiogram, or serial assessment of individual leads 
showing significant ST elevation — has led to confusion. 
The assessment of the degree of ST segment change 
(expressed as a percentage fall or as a fractional change) that 
can be considered diagnostic, the timing of the reference 
electrocardiogram, and other clinical variables are also 
important. Clinical factors include the time from the onset 
of symptoms, the presence of previous myocardial int 





'arc- 
tion, and the influence of collateral vessels (which may 
affect myocardial perfusion if the culprit artery is 
occluded). 

In our recent comparative study, the coronary artery 
patency achieved after anistreplase increased from 55%, on 
first visualisation to 64%, at the end of angiography 
performed 90 minutes after administration. This em- 
phasises that the findings in the early period after throm- 
bolysis are very variable and that the electrocardiographic 
criteria to indicate reperfusion will only be valid if applied 
to electrocardiograms recorded at the appropriate time. 
Previous studies suggested that a fractional change of 30, 
was highly specific and sensitive for determining coronary 
artery patency.’ This study was limited by the smal 
number of patients who did not achieve reperfusion. 
Angiography was performed relatively late which may have 
led to a falsely high patency rate. 

Saran et al (page 113) examined the specificity and 
sensitivity of a fractional change to 25°, for predicting 
coronary artery patency; they also assessed its relation to 
left ventricular function. They used careful angiographic 
studies with TIMI grade classification and non-invasive 
and invasive assessments of left ventricular function. They 
did not study many patients, however, and the high degree 
of patency achieved by thrombolysis or by the addition of 
angioplasty meant that only eight of the series of 45 hac 
non-patent arteries. In addition, three of the patients had 
well developed collateral vessels, and this may have 
influenced the subsequent improvement in the ST seg- 
ment. None the less, the concept that failure to reduce the 
ST segment by 2594 over 3 hours can predict non-reper- 
fusion is an attractive one. Melandri er ai (page 118) 
presumed that a reduction in ST segment elevation predic- 
ted reperfusion and they used the time to a reduction in 
fractional change of 5094 to assess the results of twe 
treatments — streptokinase alone and streptokinase with 
heparin. The electrocardiograms were taken at the same 
time as the measurements used to construct concentration 
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curves for serum creatine kinase. This small study suggests 
that differences associated with different thrombolytic 
regimens can be identified. | | 

The two studies in the current issue continue the debate 
on the usefulness of ST segment changes as surrogate end 
points for reperfusion. Coronary angiography remains the 
reference standard, and the ethics of performing early 
angiography need further discussion. We believe that 
angiography is justifiable if the patient can give informed 
consent and the issues are discussed with any accompany- 
ing relatives. Prospective studies are needed of patients 
who show no fall in ST segment elevation 3 hours after 
thrombolysis. Early angiography and intervention, either 
by intracoronary thrombolysis or angioplasty, need to be 
evaluated in this group. Further studies are also required of 
electrocardiographic and biochemical markers to improve 
the non-invasive identification of coronary artery reper- 
fusion. 


Hillis, Hogg 
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Reduction in ST segment elevation after 
thrombolysis predicts either coronary reperfusion 
or preservation of left ventricular function 


R K Saran, M Been, S S Furniss, T Hawkins, D S Reid 


Abstract 

The usefulness of a reduction in ST seg- 
ment elevation to predict coronary 
reperfusion in myocardial infarction 
remains uncertain. ST segment changes 
and angiographic findings were com- 
pared in 45 patients soon after throm- 
bolysis. The percentage ST segment 
change 3 hours after treatment (in the 
lead showing the greatest initial ST 
elevation) was compared with the TIMI 
perfusion grade  (thrombolysis in 
myocardial infarction trial) obtained 
between 90 minutes and 3 hours after 
treatment. Global ejection fraction and 
regional wall motion were assessed by 
cineventriculography (11 (5) days (mean 
(SD))) and by gated blood pool imaging 
(44 (11) days). Prediction of coronary 
patency by a reduction of >25% in ST 
segment elevation 3 hours after throm- 
bolytic treatment had a sensitivity of 
97% but a specificity of only 43%. Where 
the ST segment elevation was reduced by 
>25% the global ejection fraction was 
well maintained whether or not the 
infarct vessel was patent. In patients 
with a reduction of <25% in ST eleva- 
tion, the ejection fraction was significan- 
tly lower and regional wall motion 
abnormality more severe. 

Reduction in ST elevation of >25% 
within 3 hours of thrombolysis indicates 
either a patent infarct artery or 
preservation of left ventricular function. 
When the ST segment elevation does not 
fall by >25% persistent coronary 
occlusion is likely (predictive accuracy 
86%) and is associated with a lower ejec- 
tion fraction. These patients may benefit 
from further treatment or additional 
interventions. 


Treatment by intravenous thrombolysis in 
acute myocardial infarction reduces mor- 
tality,’ preserves left ventricular function? 
and is now widely accepted. Non-invasive 
detection of reperfusion may be a useful guide 
to future treatment. Mortality is higher in 
patients in whom thrombolysis does not lead 
to reperfusion? * and such patients may benefit 
from early additional interventions such as 
salvage angioplasty. A rapid reduction in ST 


segment elevation, relief from chest pain, 
early peaking of serum concentrations of 
creatine kinase,’ and reperfusion arrhythmias? 
are some of the markers used to predict reper- 
fusion non-invasively. In a review of elec- 
trocardiographic studies after thrombolysis 
Bren et al concluded that when large groups 
are analysed, the magnitude of the reduction 
in ST elevation is greater in groups with 
reperfusion than in those without or in a 
control group.” They suggested, however, that 
in individual patients reduction in ST seg- 
ment elevation is of limited value in predicting 
reperfusion and left ventricular function. On 
the other hand, Hogg et al reported that the 
12 lead electrocardiogram is a simple and 
useful method for determining reperfusion in 
individuals.’ We therefore studied the useful- 
ness of early changes in the ST segment in 
predicting vessel patency and preservation of 
left ventricular function after thrombolysis. 


Patients and methods 

This study was part of a randomised trial to 
investigate the effects of percutaneous trans- 
luminal coronary angioplasty immediately 
after thrombolytic treatment. Forty five con- 
secutive patients with acute infarction who 
fulfilled the entry criteria for the above study 
were given intravenous anisoylated streptok- 
inase plasminogen activator complex (anistre- 
plase) between August 1987 and November 
1988. The criteria for inclusion into the study 
were: (a) ischaemic chest pain lasting >30 
minutes but <4 hours; (6) ST segment eleva- 
tion of at least 0-2 mV in two or more precor- 
dial leads or 0-1 mV in two or more standard 
limb leads; (c) aged x: 70; (d) gave consent to 
the study; (e) no contraindication to throm- 
bolytic treatment or angiography. 

A pretreatment 12 lead electrocardiogram 
was recorded and the sites of leads V1 to V6 
were marked on the chest to ensure consistent 
electrode placement for subsequent elec- 
trocardiograms. All patients were given 30 
units of anistreplase by intravenous injection 
over 5 minutes. Coronary angiography was 
performed at 60 minutes and at 90 minutes 
after treatment with anistreplase. Patients 
randomly allocated to percutaneous trans- 
luminal coronary angioplasty underwent 
balloon dilatation of the culprit lesion 
immediately after the 90 minute angiogram 
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unless there was a left main stem lesion or the 
stenosis in the infarct artery was less than 
50%. Vessel patency was assessed 15 minutes 
after the last balloon inflation. The arterial 
sheath was left in position and heparin was 
infused at a rate of 1000 units per hour. 

A repeat electrocardiogram was recorded at 
3 hours after anistreplase treatment (mean 
(SD) 206 (35) minutes). Repeat coronary 
angiography was performed at 24 hours after 
which the sheath was removed. 


ELECTROCARDIOGRAPHIC ANALYSIS 
Electrocardiograms recorded before throm- 
bolysis and 3 hours afterwards were analysed 
by an observer who was unaware of the 
angiographic findings or clinical details. The 
lead showing the greatest ST segment eleva- 
tion at presentation was used for subsequent 
measurement of ST segments. We used 
callipers to measure ST elevation and we took 
the mean of three complexes. The isoelectric 
line was defined as the level of the preceding 
TP segment and ST segment elevation was 
measured at the J point. The mean change in 
ST segment elevation after thrombolytic 
treatment was expressed as a percentage 
reduction or increase from the initial value. 


CORONARY ANGIOGRAPHIC ANALYSIS 

The coronary angiograms were analysed by 
two observers who were unaware of the elec- 
trocardiographic results. Coronary perfusion 
was assessed by the TIMI (thrombolysis in 
myocardial infarction trial) criteria." TIMI 
grades 0 and 1 were classified as non-patent 
arteries and TIMI grades 2 and 3 as a patent 
artery. The collateral circulation was also 
evaluated on a scale of 0 to 3.? The collateral 
score was based on the injection that best 
opacified the occluded vessel. In grade 0 there 
was no filling, in grade 1 filling of side bran- 
ches of the occluded vessel could be seen, 
while in grade 2 there was partial filling of the 
epicardial segment, and in grade 3 there was 
complete filling of the epicardial segment of 
the occluded vessel via collaterals. 


LEFT VENTRICULAR FUNCTION 

Left ventricular function was evaluated from 
biplane contrast cineventriculograms before 
hospital discharge at 11 (5) days and by gated 
blood pool imaging (technetium-99m labelled 
pyrophosphate) at 44 (14) days. 

Contrast ventriculography was performed 
in 39 patients. It was not performed in 
patients who refused consent (n = 1), who 
had coronary bypass grafting (n = 1) or per- 
cutaneous transluminal angioplasty outside 
the protocol (n = 1), or who were considered 
too ill (n = 1) for the procedure. Practical 
reasons prevented two more patients from 
having contrast ventriculography. The ejec- 
tion fraction was calculated from tracings 
taken by projecting the right anterior oblique 
view but four patients were excluded from 
analysis of global left ventricular function 
because of a previous myocardial infarction. 
We assessed regional wall motion by dividing 
the left anterior oblique projection into three 
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segments (septal (1), inferoapical (2), pos- 
terolateral (3)) and the right anterior oblique 
into five segments (high anterior (4), low 
anterior (5), apical (6), inferior (7), and pos- 
terior (8)). Segments with normal motion 
were scored as zero whereas hypokinesia, 
akinesia, and dyskinesia were scored as 1, 2, or 
3 respectively—so the lower the total score in 
the infarct territory the better the preservation 
of left ventricular function. To exclude the 
influence of prior myocardial infarction on the 
results we scored only those segments 
associated with the infarct related artery. The 
wall motion score was calculated from seg- 
ments 1, 4, 5, and 6 in anterior infarction and 
from segments 2, 3, 7, and 8 in inferior 
infarction. 

The gated blood pool study was performed 
in 44 patients (one patient refused and in one 
patient the image quality was too poor for 
analysis). The global left ventricular ejection 
fraction was calculated by a semi-automated 
double region method for the left anterior 
oblique view. The four patients with previous 
myocardial infarction were also excluded from 
this analysis. 

The regional wall motion abnormality score 
was assessed by dividing the left anterior 
oblique projection into three segments and the 
left lateral projection into five segments and 
wall motion scores were graded as for the 
contrast ventriculograms. 


STATISTICAL ANALYSIS - 

We calculated the sensitivity and specificity of 
a reduction in ST elevation of >25% and 
>50% for perfusion and for no reperfusion. 
Statistical significance was determined by a 
two-sample analysis of variance. A p value of 
« 0-05 was regarded as significant. 


Results 

The mean age of the patients was 55 years 
(range 30—69). Forty two were men. 'Twenty 
five had an anterior infarction and 20 an 
inferior infarction. The mean interval from 
onset of chest pain to anistreplase treatment 
was 153 minutes (range 50 to 240). Table 1 
shows the age, culprit artery, time from onset of 
symptoms to anistreplase administration, 
previous myocardial infarction if any, 


percentage reduction in ST elevation at 3: 


hours, TIMI grading at 90 minutes and 24 
hours, and global ejection fraction in each of 
the 45 patients. 

In 31 of the 45 patients the culprit coronary 
artery was patent 90 minutes after anistreplase 
or after percutaneous transluminal coronary 
angioplasty. All but one of these 31 patients 
showed a reduction in ST segment elevation by 
> 25% at 3 hours (table 2). Thus our results 
show that reduction in ST segment elevation of 
> 25% had sensitivity of 97% in predicting 
coronary patency. This compares with a sen- 
sitivity of 68% when we used the criterion of a 
reduction of >50%. ST segment elevation was 
reduced by > 259, in eight of 14 patients with a 
persistently occluded infarct related artery, 
indicating a specificity of only 43% for deter- 
mining patency by this criterion. 


-— 
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Table 1  Indridual patient details, reduction in ST elevation at 3 hours, TIMI perfusion grade, and global eyection 


fraction at 6 weeks 


Patient Symptom ST TIMI grade at: Global 
No Age (yr). Infarct vessel Prior MI | duration (min) — reduction (?;) 90 min 24 h EF (%) 
I 46 LAD v— 200 66 3 3 54 
2 62 RCA on 92 66 3 3 63 
3 51 LAD —— 64 52 2 0 40 
4 45 RCA — 180 80 2 3 30 
5 42 RCA — 130 50 3 1 — 
6 62 RCA — 89 66 3 3 48 
7 63 LAD — 118 80 0 0 5i 
8 53 LAD — 150 33 3 3 62 
9 47 LAD — 149 55 2 3 48 
10 63 Cx — 230 100 3 3 5B 
11 47 Cx 4 85 75 2 3 52 
12 48 LAD — 175 75 2 3 26 
13 66 LAD — 155 65 2 3 34 
14 57 RCA + 137 68 0 0 29 
15 57 LAD — 95 69 3 3 45 
16 65 LAD — 52 50 2 — 27 
17 65 RCA — 150 42 3 3 57 
18 58 RCA T 135 100 0 0 54 
19 56 LAD — 192 37 2 2 21 
20 44 RCA v 229 38 0 2 28 
21 47 Cx sone 240 75 2 3 33 
22 69 LAD — 220 — 60 0 0 6 
23 45 LAD — 110 80 2 3 28 
24 68 LAD -4 185 30 3 2 39 
25 53 LAD — 210 73 3 1 52 
26 30 LAD = 101 36 3 3 52 
27 48 RCA — 150 7 1 2 42 
28 459 LAD sa 218 —42 ] 2 33 
29 61 LAD — 240 52 2 0 53 
30 46 LAD — 195 6 0 0 45 
31 62 LAD — 195 — 10 0 - 20 
32 48 RCA — 70 66 3 3 61 
33 58 LAD — 225 75 1 3 36 
34 66 Cx — 223 75 3 3 * 
35 55 LAD — 115 66 1 3 59 
36 59 RCA — 88 56 3 3 60 
37 63 RCA — 110 87 3 3 38 
38 64 LAD — 190 66 3 3 51 
39 55 LAD — 140 — 200 3 3 26 
40 48 RCA — 92 33 3 3 50 
41 59 LAD — 175 55 0 4 51 
42 55 Cx v 158 66 3 3 68 
43 49 RCA — 193 83 0 2 48 
44 61 RCA — 132 30 2 0 45 
45 65 LAD — 50 — 300 1 0 20 





*Technically poor image, LAD, left anterior descending artery; RCA, mght coronary artery; Cx, circumflex artery, MI, 


myocardial infarction, EF, eyection fraction 


Table 2 Percentage reduction or increase in ST segment 
elevation at 3 hours in patients with and without 


coronary perfusion 








Percentage reduction in ST segment 
elevation 
Coronary patency 
( TIMI grade) 2509, 25-50% «2595 increase 
0-1 7 1 7“ 2 4 
2-3 21 g 0 1 





In five patients the ST segment elevation 
increased further and in two patients the reduc- 
tion in ST segment elevation was < 25%. In all 
but one of these patients the infarct related 
artery was occluded. The absence of a reduc- 
tion of >25% in ST segment elevation 3 hours 
after thrombolysis is highly specific (9795) for 
coronary occlusion. 

The perfusion and electrocardiographic data 
were used to divide the patients into four 
groups. Group 1 (n — 30) comprised patients 
with a patent artery and a reduction of >25% 
in ST elevation while group 2 (n = 1) was a 
patient with a patent artery and a reduction of 
« 2595. Group 3 (n = 8) included those with a 
non-perfusing artery but a reduction of > 25% 
in ST elevation while group 4 (n — 6) com- 
prised those with an occluded artery and a 
reduction of <25% in ST segment elevation. 


Group 2 was excluded from analysis because 
it contained only one patient. T'he figure shows 
a comparison of the global left ventricular 
ejection fraction measured by gated blood pool 
imaging in tbe remaining groups. The ejection 
fraction (mean (SD)) was highest in those with 
patent vessels (47 (13)%) (group 1). This was 
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Left ventricular ejection fraction in patients with > 25% 
reduction in ST elevation (group I = patent, group 

3 = occluded) and in patients with. < 25% reduction m 
ST segment elevation and occluded arteries (group 4). 
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Table 3 Global ejection fraction and mean regional wall motion abnormality score in the different groups 





( mean (SD) ) 
Ventriculogram (n = 39) Gated blood pool scan (n = 43) 
Symptom Ejection Wall motion Ejection Wall motion 
Group duranon ( mim) fraction score* fraction score* 
l 145 (56) 55 (14) 27 (2) 47 (13) 2-5 (2) 
3 166 (46) 57 (25) 3002) 46 (11) 2-4 (3-1) 
4 171 (65) 40 (9) 48(1) 28 (15) 47(52) 





*Mean regional wall motion score of infarct related ents. 
Group i—patent artery and 325% reduction in ST elevanon. 


Group 3—non-perfusing artery but >25% reduction in ST elevation. 
Group 4—occluded artery and <25% reduction in ST segment elevation. 


similar to group 3 where the ejection fraction 
was 46 (11)%. Group 4 had a significantly 
lower (p « 0:05) ejection fraction (28 (15)%). 
A similar.trend was seen with the ejection 
fraction measured by cineventriculography 
(table 3). The duration of symptoms before 
thrombolysis was not significantly different in 
the three groups. 

The mean regional wall motion abnormality 
score measured on the contrast left ventricular 
angiogram was 2-7 in group 1, 3-0 in group 3, 
and 4-8 in group 4 (not statistically significant). 
A similar trend was seen with mean regional 
wall motion score obtained by gated blood pool 


imaging. 

Three of the eight patients in group 3 
(occluded vessels and reduction in ST eleva- 
tion (>25%)) had well developed collateral 
flow to the infarct related artery (collateral 
grade 2 and 3). These three patients had 
inferior wall infarction and there was complete 
filling of the posterior descending artery via 
collaterals. In four of the remaining five 
patients in group 3 there was reperfusion 
between 90 minutes and 24 hours after 
thrombolysis. 

Two of the six patients in group 4 had poorly 
developed collaterals (grade 1) and no collateral 
flow was seen in the remaining four patients. In 
two of the patients in group 4 there was 
reperfusion between 90 minutes and 24 hours. 


Discussion 
Simple and rapid methods for determining 
perfusion state are required if decisions about 
additional treatment or procedures need to be 
made early after thrombolysis. Prediction from 
creatine kinase curves and from most Holter 
monitoring systems will only allow a retrospec- 
tive diagnosis of reperfusion. It has been sug- 
gested that analysis of the ST segment by single 
or multiple electrocardiographic leads is useful 
but there is no consensus about the degree of 
reduction in ST segment elevation needed to 
predict reperfusion because different tech- 
niques and criteria have been used. The lead 
showing the greatest ST segment elevation was 
selected in this study primarily for simplicity so 
that a useful clinical tool might be defined, but 
also to allow comparison with many other 
studies. In addition it is highly likely that this 
lead would follow the same course both in time 
and magnitude as the sum of ST changes in all 
leads. 

We found that an early reduction of ST 


segment elevation by >25% after throm- 
bolytic treatment for acute myocardial infarc- 
tion is highly sensitive for coronary perfusion 
(97%) but has poor specificity (43%). Hogg et 
al reported a high sensitivity (93% ) for a fall of 
>50% in the lead showing maximum ST 
elevation, with a specificity of 6795.9 There 
was, however, a wide variation in the mean 
(SD) time of the post-thrombolytic electrocar- 
diogram (302 (141) minutes) in their study and 
perfusion criteria were not given. When we 
used a 5094 reduction in ST elevation there was 
a fal in sensitivity to 689, and a slight 
improvement in specificity (5095). Richardson 
et al reported a specificity of 67% but with a 
poor sensitivity (2695) when a single lead 
showing the maximal ST segment elevation 
was used to predict coronary artery patency." 
They used a reduction of 2 mm in ST segment 
elevation or normalisation of the ST segment as 
the criteria for patency, and confirmation of 
angiographic patency was only performed at a 
mean of 6 days after thrombolytic treatment. 
The likelihood of spontaneous or late reper- 
fusion in many of these patients seriously 


‘hampers the usefulness of Richardson et al’s 


study in determining the accuracy of an early 
reduction in ST segment elevation in predict- 
ing early coronary perfusion. 

Our study suggests that an early reduction in 
ST segment elevation is of limited value in 
predicting the patency of the coronary artery in 
an individual patient (low specificity). Perhaps 
more importantly the study shows that failure 
of ST segment elevation to be reduced by 
> 25% indicates persisting coronary occlusion. 
Von Essen et ai also reported a persistence of or 
an increase in ST segment elevation in leads I, 
II, and III in nine out of 10 patients with 
unsuccessful thrombolysis.4 There remains, 
however, a separate group (group 3) with 
persistent occlusion in whom the ST segment 
falls to the same extent as in reperfusion. The 
ejection fraction and regional wall motion score 
in this group resembled values in the group 
with coronary perfusion. T'he TIMI group also 
reported a significant correlation (p < 0-01; 
r = 0-43) between the decline in ST elevation 
two hours after thrombolytic treatment and the 
residual left ventricular ejection fraction at 
discharge. The reason for the fall in the ST 
segment in the absence of reperfusion is 
unclear in these patients. It is unlikely that the 
ST segment fell in these patients because of 
more rapid death of myocardial cells because 
this would have resulted in a lower ejection 
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fraction and higher score for regional wall 
motion abnormality. 

In three (of eight patients in our study) the 
reduction in ST elevation was probably due to 
the presence of collaterals and in four (of the 
remaining five) it is possible that reperfusion 
occurred between 90 minutes and three hours 
because the infarct vessel was patent at 24 
hours. This still leaves one patient in whom 
there were no collaterals and the infarct artery 
was still occluded at 24 hours. 

We chose to assess the 12 lead electrocar- 
diogram three hours after thrombolytic treat- 
ment but it may be that even earlier assessment 
would be of value. Von Essen et al showed that 
where there is a reduction in ST elevation 
much of this occurs within one hour of reper- 
fusion. 

Whatever the explanation for the reduction 
. in ST elevation our results suggest that a fall of 

> 25% in the lead showing maximal initial ST 
elevation within three hours of thrombolysis is 
indicative of either a patent infarct related 
coronary artery or preservation of left ven- 
tricular function despite coronary occlusion. 

Thus reduction in ST elevation seems. to 
select out a group of patients likely to have a 
good outcome. The remaining patients who do 
not show a fall in ST elevation of >25% have 
both persistent coronary occlusion (specificity 
9795) and a lower ejection fraction and so may 
benefit from further treatment or acute 
interventions. 
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Enhanced thrombolytic efficacy and reduction of 
infarct size by simultaneous infusion of 


streptokinase and heparin 
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Bruno Magnani 


Abstract 
Because paradoxical increase in throm- 
bin activity was reported after the admin- 
istration of streptokinase in patients with 
acute myocardial infarction the velocity 
of reperfusion and degree of myocardial 
damage were studied when heparin was 
infused during rather than after 
streptokinase infusion. Thirty seven con- 
secutive patients with acute myocardial 
infarction were randomised to receive 
intravenous heparin during (group 1, 
n= 18) or after (group 2, n = 19) 
streptokinase (1:5 megaunits over 60 
minutes) Markers of reperfusion were 
monitored every 15 minutes for 3 hours. 
The serum concentration of creatine 
kinase was measured every 2 hours. The 
two groups were similar in terms of age 
and sex distribution, infarct site, time to 
treatment, and baseline myocardial 
ischaemia. Patients in group 1 had a 
significantly shorter mean (SD) reper- 
fusion time (57 (35) minutes v 101 (47)). 
From 60 to 120 minutes after randomisa- 
tion there were significant differences in 
ST segment elevation between the groups. 
Serum creatine kinase MB peaked earlier 
(8 (2) hours) in group 1 than in group 2 (10 
(4) hours). The peak concentration was 
significantly lower in group 1 (87 (47) 
mU]/ml) than in group 2 (134 (96) mU/ml) 
and infarcts were smaller (25:2 (9:8) gram 
equivalents/m?) in group 1 than in group 2 
(35:1 (10:2) gram equivalents] m?). 
Simultaneous infusion of heparin and 
streptokinase speeds up the appearance 
of signs of reperfusion and reduces 
infarct size. 


The role of heparin in the treatment of acute 
myocardial infarction by thrombolysis is still 
controversial. Some recommend intravenous 
heparin from the start of thrombolytic treat- 
ment,? and others immediately’* or 2-6 
hours" after the infusion of the thrombolytic 
agent. Recent large clinical trials of throm- 
bolytic treatment in acute myocardial infarc- 
tion considered heparin as an option.’ ° Throm- 
bin concentration increased in acute myocar- 
dial infarction? " and again paradoxically after 
streptokinase or urokinase was given.!! ? 

We studied the thrombolytic efficacy of a 
simultaneous infusion of streptokinase and 


heparin in patients with acute myocardial 
infarction. 


Patients and methods 

PATIENTS 

Patients with > 30 min of ischaemic chest pain 
(unrelieved by sublingual glyceryl trinitrate) 
and ST segment elevation (> 0-1 mV in two or 
more standard frontal plane leads or > 0:2 mV 
in two or more precordial leads) were eligible 
for the study. Patients were not eligible if more 
than 3 hours had elapsed since the onset of 
chest pain. Additional exclusion factors were 
age > 70 years, uncontrolled hypertension 
(diastolic pressure > 110 mm Hg; systolic 
pressure > 200 mm Hg), a cerebrovascular 
accident within the past 3 months, known 
haemorrhagic diathesis or active haemorrhage, 
an important surgical procedure within the 
past 2 months, previous coronary artery bypass 
grafting, prolonged cardiopulmonary resus- 
citation, oral anticoagulant treatment, child- 
bearing age in women, or serious advanced 
illness. 


TREATMENT PROTOCOL 

All patients received an intravenous infusion of 
streptokinase (1-5 megaunits over 1 h). Each 
patient was randomly assigned to receive either 
a simultaneous infusion of heparin (aiming at 
an activated partial thromboplastin time of 2-0 
to 2:5 times normal) (group 1) or saline (group 
2). At the end of streptokinase infusion group 2 
patients were given heparin (according to the 
same protocol as group 1). Intravenous heparin 
was continued for 4—5 days provided that there 
was no serious bleeding. Subsequently patients 
were placed on an antiplatelet regimen consist- 
ing of aspirin (400 mg per day) and 
dipyridamole (75 mg three times per day). 
During the first 24—48 h patients were also 
given intravenous glyceryl trinitrate to unload 
the heart and reduce coronary vasomotility.” 
Other medications were prescribed in accor- 
dance with the individual's clinical condition. 


ASSESSMENT OF REPERFUSION 

Before the start of thrombolysis 12 lead elec- 
trocardiograms were obtained on a Hewlett 
Packard cardiograph 4700 A. The amount of 
myocardium at risk was estimated by the 
method of Hogg et ai.'* The ST segment area 
was calculated for each lead showing ST eleva- 
tion and measured as the area above the isoelec- 
tric line from the J point to the end of the T 
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wave. The sum of scores for all leads provided 
an index of myocardial ischaemia. Patients 
were asked to grade the intensity of chest pain 
from 0 to 100 on a visual analogue scale. Then 
the 12 lead electrocardiograms and the inten- 
sity of chest pain were monitored every 15 min 
for 3 hours and also whenever there was a 
change in symptoms, ST segment shift on the 
monitor, or in cardiac rhythm. Blood samples 
were drawn to measure serum creatine kinase 
MB every second hour during the first 16 hours 
and then every fourth hour for the next 24 
hours. Then serum creatine kinase MB was 
measured once daily until it became normal. 

To speed up the initial treatment we chose to 
recognise reperfusion non-invasively. Reper- 
fusion was considered to have occurred when 
there was a gradual reduction in the size of the 
ST segment shift to <50% of the basal value 
accompanied by a sudden or gradual lessening 
of chest pain and a rapid rise in the serum 
concentration of creatine kinase MB with a 
peak within 13 hours of the onset of chest pain. 
The interval to reperfusion (reperfusion time) 
was measured from the start of thrombolysis to 
the onset of the resolution of the ST segment 
elevation. All the electrocardiograms, the 
records of the course of chest pain, and the 
enzymatic time-activity curves weretanalysed 
by two investigators who were unaware of the 
patient's treatment group. This non-invasive 
method has been validated by angiography? ? 
and is currently used in clinical trials.” 
Infarct size was measured according to Sobel et 
al.” Several experimental and clinical studies 
showed that measurement of infarct size by 
enzyme tests is feasible and meaningful after 
thrombolysis.? 


STATISTICAL ANALYSIS 

All values are expressed as mean (SD). Paired 
and unpaired t tests were used to compare the 
means of continuous variables. y^ tests (with 
Yates's correction when indicated) were used 
to compare discontinuous variables. ST seg- 
ment changes as a function of time were 
analysed by ANOVA. A two tailed method and 
a 0-05 level of statistical significance were used 
throughout. 


Results 

Thirty seven patients were randomly allocated 

to be treated with streptokinase plus simultan- 

eous heparin (n = 18, group 1) or streptokin- 
E 

Baseline characteristics of patients in study groups 





Groupl Group? 
Number 18 
Age ) 59 (8) 60 (8) 
Female (25) 11- 26 3 
Hypertension (95) 27-7 316 
Diabetes (%) 22-2 15:8 
Smoker (95) TTT-T 78-9 
Hypercholesterolaemua (94) 26-3 
Anterior MI (9$) 0 52 6 
Inferior MI (95) 50 47 4 
Prior MI (%) 16-6 158 
Mean D. time to treatment (min 115(48) 118 (50) 
Mean (SD) ST segment area (mm 112(62)  120(58) 





MI, myocardial infarction. 
None of the variables was significantly different ın the two 
groups. 
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Figure 1 Reperfusion time after simultaneous (group 1) 
or subsequent (group 2) addition of heparin to 
streptokinase infusion 


ase followed by heparin (n — 19, group 2). 
Baseline characteristics were similar in the two 
groups (table). In particular the degree of 
evidence of ischaemia on the electrocardiogram 
at presentation was similar in both groups (the 
ST segment area was 112 (62) mm? in group 1 
and 120 (58)mm? in group 2; p = NS). 
Blinded assessment showed that 17 of the 18 
patients in group 1 and 17 of the 19 patients in 
group 2 had non-invasive signs of reperfusion. 
Reperfusion time was significantly shorter in 
group 1 (57 (35) min v 101 (47) min; p < 0-005) 
(fig 1). Figure 2 shows the time course of ST 
segment elevation. In most patients there were 
no statistically significant differences between 
the two groups up to 45 minutes after ran- 
domisation. At 60 minutes group 1 patients 
showed a significantly lower ST segment eleva- 
tion (p « 0-05). The difference remained sig- 
nificant up to 120 minutes. 

The time to peak creatine kinase MB was 8 
(2) h in group 1 and 10 (4) h in group 2 
(p « 0:05). On average the peak concentration 
of creatine kinase MB was 87 (47) mU/ml in 
group 1 and 134 (96) mU/ml in group 2 
(p « 0-05). The infarct was significantly 
smaller in group 1 (25-2 (9-8) g equivalents/m?) 
than in group 2 (35:1 (10-2) g equivalents/m^) 
(p « 0-05). 

Many patients developed skin haematomas. 
Three patients (16:695) in group 1 and six 
(31:595) in group 2 had major bleeding com- 
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Figure 2. Time course of ST segment elevation in the 
two groups (percentage change v baseline). 
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plications. Overall, the primary bleeding site 
was in the genitourinary tract in seven patients 
and at the point of puncture for cardiac cath- 
eterisation in two patients. Five patients in 
group 1 and six in group 2 had early 
postinfarction angina. There was a reinfarction 
(documented by recurrence of prolonged chest 
pain along with typical electrocardiographic 
changes and a new increase in creatine kinase 
MB) in one patient in group 1 and two in group 


Discussion 

Acute myocardial infarction is associated with 
increased thrombin activity." The main 
effects of thrombin include platelet activation, 
fibrin formation, and impairment of fibrinoly- 
sis.” Other important effects include the 
stabilisation of fibrin polymers and disturbance 
of endothelial cells that results in tissue factor 
induction and binding of neutrophils.” * 
Evidence is now accumulating that the admin- 
istration of streptokinase leads to an 
immediate, paradoxical increase in thrombin 
activity. ? This effect has several explana- 
tions. Firstly, removal of the thrombus may 
expose the thrombogenic surface of the infarct 
vessel. Reperfusion of ischaemic myocardium 
may be associated with a washout of thrombo- 
plastic material. Finally, thrombin absorbed on 
to the fibrin clot may be released by throm- 
bolytic treatment and regain its activity. So 
there are strong theoretical reasons for giving 
heparin with streptokinase. But the possibility 
of bleeding complications has prevented 
heparin being regarded as mandatory in some 
recent large scale clinical trials.” ° 

Our study shows that when heparin treat- 
ment is given there is a clear advantage in 
infusing it with rather than after streptokinase. 
This conclusion is supported by the quicker 
resolution of electrocardiographic signs of 
ischaemia and by the earlier peaking of serum 
concentrations of creatine kinase MB. These 
signs of faster reperfusion" '* were associated 
with a significantly lower peak value of serum 
creatine kinase and a smaller infarct. Harlier 
studies by our group in which serum creatine 
kinase MB was measured frequently showed a 
good correlation between left ventricular func- 
tion and both enzymatically assessed infarct 
size and the extension of resting thallium-201 
perfusion defects (measured by single-photon 
emission tomography).”*” 

The reduction of infarct size that we saw in 
the present study when heparin was given early 
was the result of a mean reduction of 44 
minutes in the time to reperfusion. These data 
confirm that the human heart is very sensitive 
to the duration of ischaemia before reperfusion 
and support the concept that reperfusion 
strategies should also take account of the speed 
of reperfusion. 


1 ISAM. A prospective tral of intravenous streptokinase in 
acute myocardial infarction. N Engl J Med 
1986;314. 46571. 

2 O'Rourke M, Baron D, Keogh A Limitation of myocardial 
infarction by early infusion of recombinant ussue-type 
plasminogen activator. Circulation 1988,77:1311—5. 


Melandri, Branzi, Semprim, Cervi, Galió, Magnam 


3 Ganz W, Geft I, Maddahı I, era] Nonsurgical reperfusion in 
evolving myocardial infarcuon J Am Coll Cardol 
1983;,1:1247—53 

4 White HD, Norris RM, Brown MA, et al. Effect of 
intravenous streptokinase on left ventricular function and 
early survival after acute myocardial infarction. N Engl J 
Med 1987,317:850-5. 

5 Kennedy JW, Marun GV, Davis KB, et al The Western 
Was ton intravenous strep in acute myocar- 
dial randomised trial. Circulation. 1988377: 
345-52. 


6 AIMS Tnial Study Group. Effect of intravenous APSAC on 
mortality after acute myocardial infarction preliminary 
report of a placebo-controlled clinical trial. Lancet 
1988,1:545—9 

7 Grupp Itahano per lo Studio della Streptochinasi nell’ 
Infarto miocardico (GISSI) Effectiveness of intravenous 
thrombolytic treatment in acute myocardial infarction 
Lancet 1986,1:397--401. 

8 ISIS-2 (Second International Study of Infarct Survival) 
collaborauve group. Ran trial of intravenous 
streptokinase, oral aspirin, both, or neither among 17187 
cases of suspected acute myocardial infarction Lancet 
1988;11:349—60 

9 Neri Serneri GG, Gensini GF, Abbate R, «t al. Increased 
fibrinopeptide A formation and thromboxane A, produc- 
tion m patients with ischaemuc heart disease: relationships 
to coronary pathoanatomy, risk factors, and clinical manı- 
festauons. Am Heart J 1981;101:185-94. 

10 Small M, Lowe GDO, Dougals JT, Hutton I, Lorimer AR, 
Forbes CD. Thrombin and plasmun activity in coronary 
artery disease. Br Heart J 1988;60:201—3 

11 Seitz R, Blanke H, Pratorrus G, Strauer BE, Egbring R. 
Increased thrombin activity during thrombolysis. Thromb 
Haemost 1988,59:541-2. 

12 Exssemberg PR, Sherman LA, Jaffe AS. Paradoxic elevation 
of fibrinopepude A after streptokinase. evidence for 
continued thrombosis despite intense fibrinolysis. J Am 
Coll Cardiol 1987310 527-9. 

13 Tymchak WJ, Michorowski BL, Burton JR. Preservation of 
left ventricular function and topogrephy with combined 
reperfusion and mtravenous nitroglycerin in acute 
myocardial infarction [Abstract]. J Am Coll Cardiol 
1988; 11:90. 

14 Hogg KJ, Lees KR, Hornung RS, Howie CA, Dunn FG, 
Hils WS Electrocardiograp hic evidence of poésie 
salvage after throuibolssis in d in acute myocardial infarction. 
Br Heart J 1989,61 489-95. 

15 Gore JM, Roberts R, Ball SP, Montero A, Goldberg RJ, 
Dalen JE. Peak creatine kinese as a measure of effecuve- 
ness of thrombolytic therapy 1n acute myocardial infarc- 
non. Am J Cardiol 1987,59:1234—8. 

16 Krucoff MN, Green CE, Satler LF, et al. Noninvasive 
detection of coronary artery nid using continuous ST 
segment monitoring. Am J Cardiol 1986;57:916—22. 

17 Garabedian HD, Gold HK, Yasuda T, et al. Detecuon of 
coronary artery reperfusion with creatine kinuse-MB 
determinatuons during thrombolytic therapy correlation 
with acute angiography J Am Coll Cardiol 1988,11: 


18 Ho Kj, Hornung RS, Howie CA, Hockings N, Dunn FG, 

WS. Electrocardiogra graph: c prediction of coronary 

artery patency after thrombolytic treatment in acute 

myocardial infarction. use of the ST segment as a non- 
invasive marker Br Heart J 1988;60-°275-80. 

19 Ganz W, Geft I, Shah PK, et al. Intravenous streptokinase in 
evolving acute myocardial infarcuon. Am J Cardiol 
1984,53.1209-16. 

20 Magnani B. Plasminogen Activator Italian Mulucenter 
Study (PAIMS). Comparison of intravenous recombinant 

e-chain human ussue-type plasmmogen activator (rt- 
PA) with intravenous streptokinase in acute m 
infarction J Ams Coll Cardiol 1989;13:19—26. 

21 Sobel BE, Roberts R, Larson KB. Estimation of infarct size 
from serum MB creatine phospokinase activity’ applica- 
tions and limitations, Am J Cardiol 1976;37,474-85. 

22 De Zwaan C, Willems GM, Vermeer F, et al. Enzyme tests in 
the evaluaaon of thrombolysis in acute myocardial infarc- 
non. Br Heart J 1988,59:175-83. 

23 Van der Laarse A, Vermeer F, Hermens WT, et al. Effects of 
early intracoronary streptokinase on infarct size estimated 
from cumulative enzyme release rate. a randomised trial of 
533 ents with acute myocardial infarcnon. Am Heart J 
1986;112.672-81. : 

24 Melandn G, Tartagni F, Branzi A, et al. La stima enzimatica 
dell'area € nei pazienti sottoposti a terapia trom- 
bolitica, Cardiologia 1988;33:61-7 

25 Gelehrter TD, Sznycer-Laszuk R. Thrombin induction of 

plasminogen activator-inhibitor in cultured human 
endothelial cell. J Chn Invest 1986;77:165-9. 

26 Konkle BA, Ginsburg D. The addinon of endothelial cell 
growth factor and heparin to human umbilical vein 
endothelial cell cultures decreases plasminogen activator 
inhibitor-1 ression J Cim invest 1988,82:579—85. 

27 Nawroth PP, Stern DM. Endothelial cell procoagulant 
properties and the host response. Semn Thromb Hemost 
1987,13:391—7 

28 Whatley RE, Zimmerman GÀ, McIntyre TM, Taylor R, 
Prescott SM. Producnon of pistelet-activaung factor by 
endothelial cells. Semn Thromb Hemost 1987;13:445—53. 

29 Melandri G, Tartagni F, Branz A, et al. Left ventricular 
volume response to exercise after thrombolytic therapy: 
relationship with tomographic and enzymatic infarct size. 
CV World. Rep 1988,1:29-33. 












\BRIDGED PRODUCT INFORMATION 
tefer to Data Sheet before prescribing. "i 
NDICATIONS 
fypertension where standard therapy is ineffective 
r inappropriate. Congestive heart failure (adjunc- 
ve therapy 
*OSAGE AND ADMINISTRATION 
fypertension: Initially 5 mg once daily reduce 
tarting dose to 2.5 mg if over 65 years, on diuretics 
r renally impaired. Adjust dose according to 
sponse; maintenance usually 10-20 mg once 
aily. Maximum dose 40 mg daily. Diuretic-treated 
atients — if possible stop diuretic two to three 
lays before starting 'Innovace. Resume diuretic 
ter if required 
pngestive heart failure (adjunctive therapy): Initially, 
ng daily in hospital under medical supervision, 
ncreasing to the usual maintenance dose of 10-20 
ng once daily according to response 


mpaired renal functions May require a lower 
naintenance dose. ‘Innovace’ is dialysable 
JONTRA-INDICATIONS 

"egnancy — stop therapy if suspected. Hyper- 


ensitivity to 'Innovace. Patients M with 
ngioneurotic oedema to previous ACE-inhibitor 
reatment 


)R RNT 89 GB 461! 


E * > 
B" : S 
a? zT : 
3 5 
i Py n. y 
F ri 
m ` P é P^ 
' ri a. 
i ; ; 
m. 5 e 
"y 
(A 
J po 2 
"£J4 » ' 


PRECAUTIONS 

Assess renal function prior to therapy with 
'Innovace and during therapy where appropriate 
Renal insufficiency, renovascular hypertension; 
possibility of hypotension especially in ischaemic 
heart disease or cerebrovascular disease; surgery 
anaesthesia 

Combination with antihypertensives may increase 
hypotensive effect. Sometimes increased blood 
urea and creatinine and/or cases of renal insuf- 
ficiency if given with diuretics. Minimises thiazide- 
induced hypokalaemia and hyperuricaemia 
Potassium supplements, potassium-sparing 
diuretics, and potassium-containing salt substitutes 
are not recommended. Possible reduced response 
in Afro-Canbbean patients. Use with caution in 
breast-feeding mothers. Do not use in aortic 
stenosis, or outflow tract obstruction. Monitor 
serum levels of lithium, if lithium salts are given 
SIDE EFFECTS 

Dizziness, headache. Others include fatigue, 
asthenia, nausea, diarrhoea, muscle cramps, rash, 
dysgeusia, cough 

Less commonly angioneurotic oedema; other 
hypersensitivity reactions; renal failure, sympto- 


... In summary, the CONSENSUS 
data provide compelling evidenee 
that 'Innovace reduced mortality due 
to the progression of heart disease 

=. by 5095! improved symptoms, 

F reduced the number of hospital 

2 admissions and was well tolerated 


= 


e. 
Ux 


A 


e m . 


> ~~ Je AN 


wo zd 


matic hypotension (especially if volume-depleted 
severe hypotension (more likely if severe 
failure% hyperkalaemia; hypokalaemia; increases in 
liver enzymes and serum  bilirubin 
reversible on discontinuation of 
paraesthesiae; impotence 


BASIC NHS COST 

2.5 mg tablets, £10.00 for bortles of 50 

5 mg tablets, {7.86 for 28-day calendar pack 
10 mg tablets, £ 11.03 for 28-day calendar pack 
20 mg tablets, {13.10 for 28-day calendar pack 


heart 


usually 


Innovac: 


Product licence numbers: 
2.5 mg tablets, 0025/0220; 5 mg tablets, 0025/0194; 
10mg tablets, 0025/0195; 20 mg tablets, 0025/01 9€ 


Issued December 1989 


edenotes registered trademark of Merck & í 
Inc, Rahway, NJ, USA 


References 

1. CONSENSUS Trial Study Group, Ner: 
Med., 1987, 316, 1429 

2. Kjekshus, I, and Swedberg, K, Amer 7. Cardiol 
1988, 62, 67A-72A 


Engl. 7 





Winning the hearts 
of patients everywhere 





Presentation Transdermal therapeutic 
system containing glyceryl trinitrate, available 
in 2 strengths: Transiderm-Nitro 5 patches 
containing a drug reservoir of 25mg glyceryl 
trinitrate (average amount of glyceryl 
trinitrate absorbed per patch in 24 hours is 
omg). Transiderm-Nitro 10 patches containing 
50mg glyceryl trinitrate (average of 10mg 
absorbed per patch in 24 hours). 
Indications Prophylactic treatment of 
attacks of angina pectoris. 

Dosage Individually variable: 1 Transiderm- 
Nitro 5 or 1 Transiderm-Nitro 10 daily. 
Tolerance: see full prescribing information. 
Contra-indications Known 
hypersensitivity to nitrates, severe 


hypotension, increased intracranial pressure, 
myocardial insufficiency due to obstruction. 
Precautions Pregnancy and lactation. 
Recent myocardial infarction, arterial 
hypoxaemia due to severe anaemia, acute 
heart failure. Withdraw gradually when 
discontinuing treatment. Remove before 
cardioversion or DC defibrillation. 
Concomitant use of blood pressure lowering 
agents. 

Side-effects Mostly mild and transient: e.g. 
headache, reflex-tachycardia. Occasionally 
skin reactions. Rarely after high doses: 
postural hypotension, dizziness, nausea and 
vomiting. 





Transiderm-Nitro 


glyceryl trinitrate 





Packs and prices Boxes of 30 patches. 
Transiderm-Nitro 5 (PL0001/0094), basic NHS 
price 53.2p per day; Transiderm-Nitro 10 
(PL0001/0095) 58.5p per day. 

* denotes registered trademark. Full 
prescribing information is available on request 
from Ciba Laboratories, Horsham, West 
Sussex. 


Ciba 


Br Heart J 1990;64:121-8 


Department of 
Cardiovascular 
Medicine, University 
of Hi 


Correspondence to 

Dr Lip-Bun Tan, 
Department of Cardiology, 
Killingbeck Hospital, 
York " 

Leeds LS14 6UH. 


Accepted for publication 
9 January 1990 


121 


Measurement of cardiac reserve 1n cardiogenic 
shock: implications for prognosis and 


management 
Lip-Bun Tan, William A Littler 


Abstract 

The hypothesis that the prognosis of 
cardiogenic shock patients is primarily 
dependent on cardiac pumping reserve 
was tested in a prospective study of 28 
consecutive patients clinically diagnosed 
to be in cardiogenic shock and treated 
medically. Haemodynamic function was 
assessed by thermodilution Swan-Ganz 
catheters and arterial cannulas. The car- 
diac pumping reserve was evaluated by 
the response of the failing heart to 
graded incremental dobutamine infusion 
(2:5 to 40 ug/kg/min) after optimalising 
the left ventricular preload. Eleven of 
the patients survived for more than the 
one year of follow up and the rest died. 
Haemodynamic evaluation during the 
basal resting state was only able to iden- 
tify unambiguously non-survivors whose 
cardiac function was most severely com- 
promised. Survivors and non-survivors 
with higher values were indistinguish- 
able by basal haemodynamic criteria. 
The response to dobutamine stimulation 
clearly separated the cardiac pump 
function of survivors and those who died. 
All patients with peak cardiac power 
output of «1:0 W or peak left ventricular 
stroke work index of «0:25 J/m’ died 
whereas all those with higher values 
lived for more than a year. 

Thus this study showed that haemo- 
dynamic evaluation of cardiac reserve 
can provide objective criteria for predic- 
ting outcome in individual patients with 
cardiogenic shock. The availability of 
such a prognostic indicator will be 
invaluable in formulating management 
plans for these patients. 


Patients with cardiogenic shock have a poor 
prognosis. Reported mortality varies from 
73% to 100%.’ The diagnosis of cardiogenic 
shock raises the dilemma of whether or not to 
resort to aggressive intervention. Newer 
treatments, such as prosthetic ventricles and 
cardiac transplantation, ^ can improve the 
outcome in some patients. Not all patients 
require these interventions. Can those 
patients who will survive cardiogenic shock 
treated medically be identified by a simple 
physiological test? 

The reserve of the cardiac pump is a major 
determinant of survival in patients with 
cardiogenic shock. We examined whether 
cardiac reserve correlated with prognosis. 


In cardiogenic shock the basal resting 
performance of the heart may be appreciably 
depressed, but if there is sufficient reserve it is 
likely that the heart will recover and function 
adequately again. To evaluate cardiac reserve 
fully the heart has to be stimulated to enhance 
its performance by increasing the heart rate, 
preload, and contractility from basal values. 

In cardiogenic shock, preload reserve is 
either fully used (with considerably increased 
left ventricular filling pressure) or incon- 
sequential (because of the flattened Starling 
curve). However, in a few patients there may 
be relative hypovolaemia. Careful fluid 
challenge would show the amount of reserve 
present; those with limited preload reserve 
had a poorer prognosis. Inotropic and 
chronotropic stimulation with dobutamine 
was used to assess cardiac pumping reserve in 
a group of patients with severe heart failure; 
the information was of prognostic value.? The 
aim of the present study was to investigate 
whether similar information about cardiac 
reserve can be obtained by dobutamine 
stimulation in patients with cardiogenic 
shock, after optimalising the preload. A 
prospective study was conducted to test the 
hypothesis that in cardiogenic shock the 
magnitude of cardiac pumping reserve is 
predictive of outcome. 


Patients and methods 

PATIENTS 

We studied patients admitted to the coronary 
care unit in East Birmingham Hospital between 
September 1984 and June 1986 with clinical 
manifestations of cardiogenic shock. All 
patients who fulfilled the selection criteria 
described below were included. The syndrome 
of shock was diagnosed according to Cohn’s 
criteria.” All the patients had at least two of the 
clinical features of shock: oliguria with urine 
output <20 ml/hour, cool moist skin, 
auscultatory systolic blood pressure <90 
mm Hg, obtunded mental state, metabolic 
acidosis. 

We excluded patients with all other causes of 
shock including those attributable to arrhyth- 
mias that were not controlled and to drugs (for 
example opiates). We excluded relative 
hypovolaemia by showing that fluid challenge 
did not lead to any improvement in cardiac 
performance in patients in whom right 
ventricular infarction was suspected or 
pulmonary wedge pressure was «18 mm Fg. 
Patients with complete heart block were paced 
before entry into the study. Since one of the 
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aims of this study was to determine objectively 
which patient should be treated with 
ventricular assist devices or emergency cardiac 
surgery, only patients treated medically were 
included—that is those who were not suitable 
for surgery or those who refused surgery and 
insertion of intra-aortic counterpulsation 
balloon pumps. None of the patients had 
angina pectoris, papillary muscle dysfunction 
or rupture, ventricular septal defect or 
ventricular rupture, and none was treated with 
thrombolytic agents. Twenty eight patients 
(seven women, 21 men; mean age 59 (range 36— 
73)) fulfilled the above criteria. In 24 patients 
cardiogenic shock developed after acute 
myocardial infarction (established by 
appropriate history and clinical observations, 
in association with documented  electro- 
cardiographic evidence of infarction and serial 
changes in serum enzyme concentrations) and 
in four shock developed after exacerbation of 
chronic cardiac failure caused by ischaemic 
heart disease. These four patients were 
included because we wanted to include all 
patients with true cardiogenic shock irrespec- 
tive of cause, who fulfilled the selection criteria. 


PROTOCOL 
As part of the standard management of patients 
with cardiogenic shock, thermodilution Swan- 
Ganz catheters and arterial cannulas were 
inserted, and these provided readings of right 
atrial (RAP), mean systemic arterial (MBP), 
pulmonary arterial (PAP) and wedge (PAWP) 
pressures, and cardiac output (CO, measured 
in triplicate). The heart rate (HR) was obtained 
from the  electrocardiogram. The left 
ventricular ejection fraction (LVEF) at basal 
resting state was estimated by cross sectional 
echocardiography. 

The following equations were used to 


Table 1  Chmcal and baseline haemodynamic data ın individual patients 


Aetwolagy of 
Case Age BSA cardiogemc Timeto LVEF 
No yr Sex (m!) shock Survroeddwed death (%) HR 
1 62 M 150 THD, E-CCF Died 12 wks 12 86 
2 56 M 1-70 AMI, LVF » 2 days — 71 
3 72 F 160 AMI, BVF 5 2 days — 140 
4 48 M 172 AMI, LVE n 1 day 35 115 
5 64 M 184 j » 9 days 20 132 
6 64 F 150 AMI, BVF » 1 day 27 93 
7 52 M 171 AMI, LVF 5 6 wks 26 101 
8 63 M 179 AMI,LVE *» 3 days 15 112 
9 46 M 182 AMI, CCF » 4 days 21 117 
10 64 F 162 AMI, LVF, CHB 5 2 days 32 110 
11 59 M 192 » E-CCF PA 17 days 20 80 
12 64 F 1 60 AMI, BVF » 1 day 7 63 
13 64 M 182 AMI, LVF p 2 days me 100 
14 62 F 1 76 AMI, LVF » 1 day 15 136 
15 65 M 205 AMI, LVF M 7 days 35 95 
16 69 F 160 AMI,LVF, CHB » 2 days 16 90 
17 54 M 172 AMI, CCF 4 8 days 17 109 
18 51 M 230 AMI, LVF Survivor >lyr 30 109 
19 55 M 190 AMI, RVMI, LVF ši >l yr 25 97 
20 67 F 150 AMI, LVF E >lyr 27 75 
21 55 M 186 AMI, LVF js -iyr 16 98 
22 40 M 186 AMI, RVMI, LVF 43 > lyr 48 80 
23 73 M 181 AMI, LVF i > lyr 22 80 
24 51 M 188 IHD, E-CCF : -lyr 17 92 
25 68 M 178 IHD, E-CCF 3 >l yr 8 55 
26 36 M 194 AMI, LVF 3 1yrf 27 91 
27 68 M 178 AMI, LVF y >i yr 15 97 
28 63 M 172 AMI, LVF i >l yr 21 TI 
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calculate the haemodynamic variables (all pres- 
sures were measured in mm Hg and cardiac 
output (CO) in 1.min"!: cardiac index (CI = 
CO/body surface area, l.min'.m?); stroke 
volume index (SVI=CI/HR, ml.m~) left 
ventricular stroke work index (LVSWI 
(MBP-PAWP) x SVI x 0:133 (J.m 5, con- 
version to g.m.n ? by multiplication by 
102-04); systemic vascular resistance (SVR = 
(MBP — mean RAP)/CO x 8, kPa.s.l^!, 
conversion to dyn.s.cm ^? by multiplication by 
10); pulmonary vascular resistance (PVR = 
(mean PA pressure — mean PAW pressure) x 
CO x 8, kPa.s.] ); cardiac power output 
(CPO = (MBP — RAP) x CO x 22167 x 
107?W). 

Dobutamine infusion was indicated in all 
patients on clinical grounds. A dose titration of 
dobutamine was used to assess the haemo- 
dynamic response (doses from 2:5 ug/kg/min 
increased by 2:5 or 5:0 yg/kg/min to a 
maximum of 15-40 ug/kg/min every 5-10 min). 
Maximum stimulation was assumed when 
there was no further rise in cardiac power 
output. 

The patients were followed up for at least a 
year. Those who survived for more than a year 
were termed "survivors" and those who did not 
the *non-survivors". We selected this follow 
up period because we knew that the final events 
leading to death are unpredictable, and that the 
interval between shock and death may be short 
when the terminal event is arrhythmia or 
longer when death is due to cardiac cachexia or 
renal failure. During the follow up, heart 
failure was treated conventionally with 
diuretics, digoxin, and vasodilators. To test the 
hypothesis that indicators of cardiac pumping 
reserve were predictive of outcome we com- 
pared haemodynamic function at basal resting 
state and during maximal dobutamine stimula- 
tion in survivors with that in those who died. 


— 
y 


RAP PAWP CI SVI LVSWI CPO 
17 23 2:4 2T:9 149 0 37 
18 19 1:2 16 6 64 0 13 
30 30 1-4 98 39 0-15 
8 29 22 18 7 12:2 0 57 
20 32 1-8 13°6 63 0 34 
26 31 09 100 5:8 0 15 
9 19 21 20 8 16-4 055 
18 32 1-4 12:5 74 0 33 
16 28 2-4 20 2 126 0-56 
13 16 11 10 1 6:2 0-20 
22 34 11 14-3 63 0 22 
20 29 1:3 19 8 5-6 0 13 
15 30 1:9 148 40 0-21 
14 25 18 130 79 0 39 
18 20 18 190 14 7 0-49 
14 24 13 14 6 80 0 24 
4 35 23 213 134 0 69 
14 19 15 13:6 10:5 0-47 
20 28 26 211 159 0-58 
5 16 2-5 32:9 25 4 0-57 
7 20 2:4 241 17 1 0 64 
21 19 26 32 9 198 0 47 
8 17 2:2 27-6 195 055 
18 29 1:6 17-9 119 0 42 
18 26 20 35-8 25 7 0 48 
12 22 13 147 102 0 36 
17 38 33 33-6 16:6 0 75 
I0 23 20 26-4 16 6 0-47 





AMI, acute myocardial infarction; BSA, body surface area; BVF, biventricular failure; CCF, chronic cardiac failure; CHB, complete heart block; 
infarction. 


E-CCF, exacerbation of CCF, IHD, ischaemic heart disease; LVF, left ventricular failure, RVMI, right ventricular myocardial 


See footnote to table 2 for abbrevia 


tions and units for haemodynamuc variables. 
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Fuure1 Resting 
mic data of 

_ survivors ( S) v non- 
survivors (N-S): (A) 
cardiac index, ( B) left 
ventricular stroke work 
index, ( C) left ventricular 
ejection fraction, ( D) 
mean pulmonary artery 
wedge pressure (PAWP). 
Mean values and 99% 
confidence intervals are 
shown. 
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STATISTICAL ANALYSIS 


We used Bonferroni's analysis of variance to 
compare the differences between survivors and 
non-survivors and a paired ¢ test to assess 
the significance of changes brought about by 
dobutamine. Differences were regarded as 
significant at p « 0-01. Results were expressed 
as means (SEM). 


Results 

MORTALITY 

'Table 1 shows the clinical data and survival of 
the patients. These 28 cardiogenic shock 
patients were clinically indistinguishable and 
were all considered to have a grave prognosis 
before the haemodynamic study. Seventeen 
died during follow up. All but two of these 
patients died of progressive cardiac failure 
while in hospital, within 3 weeks of the 
diagnosis of shock. The average time between 
diagnosis of shock and death in hospital was 4 
days. One of the two exceptions died at home 
after 10 weeks of progressive heart failure (New 
York Heart Association class IV throughout). 
The other was discharged in New York Heart 
Association class III but was readmitted 4 
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weeks later and died of intractable ventricular 
tachycardia. The eleven survivors lived more 
than a year and were in New York Heart 
Association class III or better when reviewed at 
six months and one year after discharge from 
hospital. 


BASAL HAEMODYNAMIC DATA 

Table 1 and fig 1 show the baseline haemo- 
dynamic data of individual patients. The mean 
(SEM) left ventricular ejection fraction at basal 
resting state for the entire group was 22:2 
(1:9)%. Table 2 shows the mean basal 
haemodynamic values for all the patients. The 
data suggested that ventricular performance 
was more depressed in those who died, though 
only the left ventricular stroke work index was 
significantly different in the two groups. 
Figure 1A identifies a clear subset of four 
patients who died, defined by resting cardiac 
index of «1:3 l.min~'.m~*. Although patients 
with a resting cardiac index of between 1:3 and 
2-4 l.min  |.min ? were also at high risk several 
within this range survived. Similarly, all (11) 
patients with basal left ventricular stroke work 
index «0-1 J.m~? died (fig 1B), whereas all 
those with stroke work index >0 16 J.m^? 
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Table 2 Haemodynamic response (mean (SEM) ) to peak dobutamine infusion 
All patients Survivors Non-survtvors 
HR: Basal 965 (38) 86-5 (43) 1029 (51) 
Peak 111 4 6)** 106-3 (4 7y** 1147 (49)* 
RAP: Basal 154 (11) 136 (1-6) 166 (15) 
Peak 12 8 T 2)* 114 i 0) 13-6 (1 n4 
MPAP: Basal 361 (Ll 359 (27) 362 (21 
Peak 35-9 (19 33-8 (323) 372 (23) 
PAWP: Basal 25 5 H 1 23-4 (19) 26:8 (1-4) 
Peak 23-7 (15) 18:8 (2:2) 268 (1-7) 
MBP; Basal 69 8 ne 735 (1 3) 674 (25) 
Peak 801 (2 6)** 883 (32)* 748 (31> 
CI: Basal 19 © A 22 (02) 16 (0 1) 
Peak 30 e i 40 (0-1)**t 2-4 (0-19** 
SVI: Basal 201 (14) 261 (2 2 163 (1-2) 
Peak 283 (20)** 38.7 (20)**l 216 (15)** 
LVSWI: Basal 122 d 172 (15 9-0 (1-0) 
Peak 222 (2:2)** 352 (13)»**t 137 (12)** 
CPO: Basal 041 (0 03) 0-52 (o 03) 0-34 (004 
Peak 0-84 (0 O7)** 125 (0 04)**t 057 (0 05)** 
PVR: Basal 265 (2-6) 26.2 (34) 266 (36) 
Peak 185 (1 Tu 161 (20)** 200 (2-4) 
SVR Basal 141 4 127-4 (10-6) 150-5 (11-0) 
Peak 109 1 s ly 851 (62) 1246 (91) 





*p < 001 and **p < 0 001, basal v peak. 
< 0-01 and tp P nets ero EN 
, cardiac in m^; CPO cardiac power output (W); HR, heart rate (beats/min 
LVSWI, left ventricular stroke work index (10? J.m™); MBP, "He PAWP. p jules 
(mm Hg); MPAP, mean pulmonary artery arterial pressure (mm Ha); 


wedge pressure (mun VP resistance sw) RAP, right ix 
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Figure 2 Relation between ( A) cardiac index and mean pulmonary artery wedge 


pressure (PAWP) and ( B) left ventricular stroke work index (LUSWI) à and 
pulmonary artery wedge pressure at basal resting states. 
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survived; between these two values the results 
overlapped. In figs 1C and D the overlap of the 
values for pulmonary artery wedge pressure 
and left ventricular ejection fraction were even 
more conspicuous and values of the two groups 
were not significantly different. 

A basal left ventricular filling pressure > 15 
mm Hg and a cardiac index «2-3 l.min !.m^? 
were defined by Ratshin and colleagues in 1972 
as Criteria identifying the subset who will all 
die,’ but several survivors in our patient 
population had values in this range. Similarly, 
the relation between left ventricular stroke 
work index and filling pressure at rest, used to 
identify high risk cases in Vincent et al’s 
study," did not clearly separate the survivors 
from the non-survivors (fig 2). 


RESPONSE TO INOTROPIC STIMULATION 

After optimalisation of the preload (by fluid 
challenge until there was no further rise in 
cardiac output or cardiac power output), 
cardiac reserve was assessed by noting the 
response to inotropic stimulation by 
dobutamine infusion. Figures 3A and B show 
the cardiac index and power output of four 
representative patients from the survivor and 
non-survivor subsets. Both the cardiac index 
and power output increased with dobutamine 
dosages. At the peak dosages further increases 
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Figure 3 Responses to incremental dobutamine 1 

in terms of (A) cardiac index and ( B) cardiac power 
output Each symbol represents the responses of an 
individual patent (open symbols for survivors and filled 
symbols for non-survrvors ). 
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Figure 4 Relation between (A) cardiac index and mean ean pulmonary artery wedge 
pressure (PAWP) and (B) left ventricular stroke work index (LVSWI) and 
pulmonary artery wedge pressure during maximal dobutamine infusion. , 


in infusion rate tended not to produce con- 
comitant increases in cardiac power output (fig 
3B) but the cardiac output continued to 
increase (fig 3A). 

Figure 3A shows that the cardiac index dose- 
response curves of the two patients (represen- 
ted by open circles and filled inverted triangles) 
were similar. However, the cardiac power out- 
put dose-responses of the same two patients 


Figure 5| Cardiac power 1-5 
output m basal resting V Non-survivors 
state and during maximal A Survivors ^ 
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(fig 3B) were quite different. The patient who 
died reached a substantially lower peak cardiac 
power output. 

The maximum dose of dobutamine used to 
determine cardiac reserve in the non-survivor 
group (25-6 (2-3) ug/kg/min) was significantly 
higher (p « 0-05) than that used in the 
survivor group (18:2 (1-1) ug/kg/min). 
Survivors achieved maximal power output at 
lower rates of dobutamine infusion. 


HAEMODYNAMIC STATE AT MAXIMAL INOTROPIC 
STIMULATION 

Table 2 shows that maximal dobutamine 
stimulation significantly increased, the heart 
rate, mean arterial pressure, cardiac index, 
stroke volume index, stroke work index, and 
cardiac power output of the entire group and 
significantly decreased the right atrial pressure, 
pulmonary vascular resistance, and systemic 
vascular resistance. Pulmonary artery wedge 
and mean pulmonary arterial pressures did not 
change significantly in any group in response to 
dobutamine stimulation. The changes pro- 
duced by dobutamine were not as statistically 
significant in the smaller subsets of survivors 
and non-survivors. 

The measured haemodynamic data of sur- 
vivors and non-survivors at basal resting state 
were not significantly different (table 2). At 
peak dobutamine stimulation, however, all 
variables indicative of systolic cardiac perfor- 
mance (cardiac index, stroke volume index, left 
ventricular stroke work index, and cardiac 
power output) in survivors were clearly dif- 


' ferent from those of non-survivors. 


In contrast with figs 2A and B, the relation 
between cardiac index and pulmonary artery 
wedge pressure and between left ventricular 
stroke work index and pulmonary artery wedge 
pressure during peak dobutamine infusion 
shown in figs 4À and B were clearly able to 
identify the subset of non-sürvivors. Com- 
pared with the points in fig 2 the points in fig 4 
were generally shifted to the left and upwards 
by the dobutamine challenge, but this shift was 
more noticeable in the survivors than in those 
who died. 


PEAK CARDIAC POWER OUTPUT AND PROGNOSIS 


- Figure 5 shows the individual responses of 


cardiac power output to dobutamine stimula- 
tion. In patients with a basal resting cardiac 
power output of <0-35 W the outcome was 
uniformly death. Above this level, some had 
sufficient cardiac reserve to be able to respond 
to the dobutamine stimulation to produce peak 
cardiac power outputof > 1 W.These patients 
survived more than a year. The one exception 
(that is the patient with peak cardiac power 
output >1 W who died) was the patient who 
was discharged home after acute myocardial 
infarction and was readmitted a month later 
and died of intractable ventricular tachycardia. 
Those who had limited cardiac reserve, such 
that the peak cardiac power output during 
maximal dobutamine challenge was x1 W, 
died. Also the mean values of peak cardiac 
power output of survivors and non-survivors, 
together with the 99% confidence limits 
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(shown as error bars in fig 5), were clearly 
separate. 


Discussion 

COMPARISON OF BASAL AND PEAK STIMULATED 
CARDIAC PUMPING STATES 

Haemodynamic evaluation at basal resting state 
confidently predicted mortality in a group of 
patients in cardiogenic shock only when the 
cardiac pump failure was so severe such that 
resting cardiac index was < 1-2 ].min™.m”, left 
ventricular stroke work index was «0-1 J.m? 
(fig 1), or cardiac power output was «0:35 W 
(fig 5). At peak stimulation, however, haemo- 
dynamic assessment of the severity of cardiac 
dysfunction clearly identified which individual 
patient was going to die (figs 4 and 5). 

One reason why the predictive value of 
resting basal cardiac performance is less is 
because the response to cardiac impairment in 
patients with cardiogenic shock is not uniform. 
Different combinations of compensatory 
neurohormonal responses are activated in dif- 
ferent individuals—for example, some patients 
have a higher vagal tone while others have 
higher sympathetic tone. Another reason for 
the poorer predictive value of basal haemo- 
dynamic evaluation is that when the heart fails, 
the peak performance is compromised to a 
greater extent than the basal performance.” 

Cardiac pumping capability assessed by 
pharmacological stimulation has been shown to 
correlate with that assessed by physiological 
stimulation via exercise testing.’ Thus cardiac 
reserve as estimated by dobutamine challenge 
can be taken to represent the functional 
capacity of the failing heart, and hence sub- 
sequent exercise capability! and prognosis.’ 


RESPONSE TO DOBUTAMINE CHALLENGE 
The dose-response curves for dobutamine (figs 
3A and B) highlight two related points. First, at 
the peak dosages further increases in infusion 
rate tended not to increase the cardiac power 
output (fig 3B) while the cardiac output con- 
tinued to rise (fig 3A). The lack of increase in 
cardiac power output signified the cardiac 
pump's inability to respond to inotropic 
stimulation beyond a certain limit. The con- 
tinued increase in cardiac output, on the other 
hand, was due to the systemic vasculature 
remaining responsive to further vasodilatory 
effects of dobutamine. Second, the relative 
positions of the four dose-response curves to 
dobutamine were dissimilar in the two figures 
(3A and 3B). The patients represented by filled 
inverse triangles and open circles in fig 3A 
seemed to have similar cardiac index responses 
to dobutamine stimulation, but when the car- 
diac power output of these patients were plot- 
ted against the dobutamine dosage (fig 3B) the 
curves were quite different and were more 
predictive of the clinical outcome. For these 
reasons the maximal cardiac response to dobu- 
tamine stimulation was determined in our 
protocol by the peak cardiac power output and 
not peak cardiac output. 

The cardiac index was significantly in- 
creased by maximal dobutamine stimulation of 
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the heart (table 2). This increase was not only 
caused by the significant increase in heart rate 
but also by the significant increase in stroke 
volume, which was partly due to the vasodilata- 
tion caused by dobutamine, as shown by the 
decrease in systemic vascular resistance. 
Because the mean arterial pressure was sig- 
nificantly raised by dobutamine, however, and 
in the absence of any increase in preload (no 
rise in pulmonary artery wedge pressure), the 
increase in stroke volume must have also been 
the result of the positive inotropic response of 
the failing hearts to dobutamine.‘ Hence, 
dobutamine challenge produced enhanced car- 
diac systolic performance by using the ino- 
tropic and chronotropic reserves. This led to 
significant increases in left ventricular stroke 
work index and cardiac power output. Also 
though the basal cardiac power output was 
marginally lower among those who died, the 
percentage increase was smaller in this group 
than among those who survived (67.695 v 
140-495, p < 0-01), indicating a considerable 
difference in cardiac reserve. 


PROGNOSTIC INDICATORS IN CARDIOGENIC 
SHOCK 
Clinical evaluation during cardiogenic shock is 
imprecise and cannot be relied upon to estab- 
lish the severity of cardiac dysfunction or 
prognosis. For example, when they were first 
diagnosed as being in cardiogenic shock the 
patients were clinically indistinguishable and 
were all judged to have grave prognosis by the 
attending physicians. Nevertheless, the use of 
clinical acumen to make the diagnosis of car- 
diogenic shock is invaluable. The detection of 
oliguria or hypotension by cuff manometry has 
often been the first feature to alert the clinician 
to the presence of shock. The finding of a 
higher intra-arterial pressure in the presence of 
other clinical features of shock does not pre- 
clude the diagnosis of shock, especially in 
previously hypertensive patients. °” We 
therefore thought that to study how this new 
method of haemodynamic evaluation cor- 
related with prognosis, it was more appropriate 
to base the diagnosis on clinical criteria than on 
conventional haemodynamic criteria. This may 
partly account for the higher survival rate 
(39%) seen in our study as compared with 
previous published figures of 0-27%,' though a 
figure of 38% was reported more recently.'® 
There were many studies of prognostic in- 
dicators in cardiogenic shock in the early 1970s. 
The management of cardiogenic shock has 
evolved substantially over the years. With 
medical treatment all patients with a cardiac 
index «2-3 Lmin '.m? and pulmonary artery 
wedge pressure of > 15 mm Hg died in a series 
reported in 1972, whereas several such 
patients survived in our series (fig 2A). 
Similarly, 9395 of patients with stroke work 
index «0-25 g.m.m? died in 1972," but only 
6395 died in our series. Haemodynamic criteria 
for diagnosing cardiogenic shock based on 
evaluation of cardiac function at basal resting 
states are liable to be either too stringent, so 
that some true cases of cardiogenic shock are 
not included, or too lax so that those with 
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reasonable prognosis are given unnecessary 
treatment, 

The outcome of patients in cardiogenic 
shock may depend on the progression of the 
underlying disease as well as on cardiac pump- 
ing reserve; and further deterioration, such as 
caused by ischaemia/infarction, is likely to 
contribute significantly towards further set- 
backs and mortality. However, our results 
showed that cardiac reserve, estimated soon 
after the onset of cardiogenic shock, correlated 
closely with the outcome during the one year of 
follow up. This implies that progression of 
coronary artery disease, in this population 
group, affects medium term prognosis only 
slightly, if at all. Another recent study also 
showed that, in patients in cardiogenic shock, 
the death rate in the first year after hospital 
discharge was low (only 495, «1/10 of in- 
hospital mortality). A possible explanation of 
this is that by the time the patient reached the 
state of shock the damage to the jeopardised 
myocardium was probably complete, and, if 
not, then the shock state itself would ensure 
that any threatened myocardium was progres- 
sively infarcted.” This does not, however, 
preclude the possibility that further infarction 
and rhythm disturbances affect mortality in the 
longer term. 

Figures 4A and B show that the response to 
peak dobutamine stimulation distinguished the 
survivors from those who died. As pointed out 
above, a variable representing both the pres- 
sure and flow generating capacity of the failing 
heart, such as left ventricular stroke work 
index, gave a better separation of the data 
points of survivors from the non-survivors (fig 
4B) than one measuring flow alone (fig 4A). 
The cardiac index-pulmonary wedge pressure 
criteria for identifying the groups with a poor 
prognosis, obtained during maximal dobuta- 
mine challenge, can now be defined as a cardiac 
index of «3:1 Lmin^".m? and pulmonary 
artery wedge pressure of > 17 mm Hg (fig 4A); 
the left ventricular stroke work index-pulmon- 
ary wedge pressure criteria are a stroke work 
index of «0-25 J/m? and a pulmonary artery 
wedge pressure of > 17 mm Hg (fig 4B). 


PEAK CARDIAC POWER OUTPUT AND PROGNOSIS 
Although the separation of the survivors from 
the non-survivors in fig 4B is apparent, it does 
not explain why the survivors managed to do 
well despite the fact that the left ventricular 
stroke work index at peak dobutamine stimula- 
tion (mean of 0-35 J/m™, see table 2) was still 
significantly below the stroke work index of a 
healthy comparison group at rest without 
stimulation (mean of 0:52 J/m*).” One explana- 
tion is that the term, peak stroke work index, 
contains two of the three major components of 
cardiac reserve—that is, preload and contrac- 
tility, leaving out heart rate. In the face of 
impaired contractility and maximal use of pre- 
load, the heart is highly dependent on its 
chronotropic competence to maintain adequate 
circulation.” 

The inclusion of heart rate in stroke work 
leads to the term cardiac power output, which 
has been previously described as the entity 
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solely responsible for the maintenance of the 
circulation.” Survival was limited when the 
peak cardiac power output during maximal 
stimulation fell short of the normal value of the 
basal unstimulated state? Ideally, the normal 
basal cardiac power output of the individual 
patient should be compared with the value 
before the development of heart disease; but 
this is seldom known. The basal resting cardiac 
power output of an adult of average size 
(approximately 1 W) was used instead.’ The 
results of this study (fig 5) accord with the 
supposition that if the function of the failing 
heart performing at its maximal capacity (peak 
cardiac power output) does not exceed that 
which is normally required during inactivity 
(cardiac power output of approximately 1 W) 
then such a heart cannot be expected to sustain 
life for long. Conversely, when peak cardiac 
power output exceeds the normal basal cardiac 
power output, then, despite the peak left ven- 
tricular stroke work index being significantly 
below the normal basal stroke work index, the 
function of the failing heart would still be 
compatible with sustained survival. 


IMPLICATIONS FOR MANAGEMENT AND FUTURE 
RESEARCH 

Our results showed that patients with adequate 
cardiac reserve who were treated medically 
survived for more than a year. Should such 
patients have acute interventions, such as the 
insertion of ventricular assist devices, emer- 
gency coronary angioplasty, or coronary by- 
pass surgery?? These interventions are not 
without morbidity and mortality^*? and their 
long term benefits are uncertain. A recent 
report suggests that coronary angioplasty im- 
proves the survival of patients in cardiogenic 
shock after infarction.” However, the study 
had the shortcoming of being a retrospective 
unrandomised study with permissive criteria 
for patient selection (shock precipitated by 
drugs, arrhythmia, or heart block was not 
expressly excluded). Survival at 30 days was 
50% in the angioplasty group and 17% in the 
medically treated group, but the angioplasty 
group was recruited between 1983 and 1985 
and the medically treated group between 1975 
and 1985. Our patients with cardiogenic shock 
were treated conservatively and in the same 
study period as the angioplasty group; their 30 
day survival was 46%. Prospective randomised 
trials in carefully selected patients are needed 
to establish the cost/benefit ratio of immediate 
and invasive interventions. 

Randomisation of cardiogenic shock patients 
to evaluate the merits of different treatments 
has been regarded as ethically unacceptable.” 
But randomisation of an objectively selected 
group of patients in cardiogenic shock who all 
have a grave prognosis is justifiable. It would 
also obviate such questions as whether intra- 
aortic balloon counterpulsation should be star- 
ted before or after a trial of maximal medical 
treatment (different institutions have different 
policies—for example, Pasternak and Braun- 
wald's group recommends intra-aortic balloon 
counterpulsation when medical treatment 
fails,“ whereas Gunnar's group recommends 
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intra-aortic balloon counterpulsation 
immediately.” From our results, it is clear that 
the group with a poor prognosis should have 
intra-aortic balloon counterpulsation, whereas 
the group with a good prognosis should first be 
given inotropic support. This decision can be 
made early after the onset of cardiogenic shock, 
and does not have to wait until the patient 
becomes unresponsive to medical treatment.” 
Future efforts should thus concentrate on the 
group with poor prognosis defined above. 
Those in whom surgery is clearly indicated 
should receive intervention at the appropriate 
time. Some patients may have a stunned myo- 
cardium??! and it is unclear whether inotropic 
support and the use of ventricular assist devices 
for a prolonged period would allow the stunned 
myocardium to recover sufficiently to avoid the 
need for cardiac transplantation. On the other 
hand, those patients in cardiogenic shock 
whose condition is identified to be truly ter- 
minal, and who (for whatever reasons) are not 
candidates for surgery, should not be put 
through frantic therapeutic manoeuvres that 
may postpone death but in so doing prolong 
suffering." 


PRACTICAL GUIDELINES 

Our method can be simplified for use at the 
bedside. Once relative hypovolaemia and 
rhythm and conduction disturbances have been 
corrected in a patient in pnr: shock a 
basal cardiac index of «1-3 Lmin , left 
ventricular stroke work index of «0-1 Tar Or 
cardiac power output of «0-35 W identifies 
those with a grave prognosis. The dobutamine 
challenge test should be used in patients with 
higher values than these to see whether the 
maximal cardiac power output is « 1-0 W and 
left ventricular stroke work index is «0-25 
J/m’*; this too indicates a poor prognosis. In 
patients with a poor prognosis, medical treat- 
ment would be futile, and unless contraindi- 
cated, the patient will need intra-aortic balloon 
counterpulsation or other ventricular assist 
devices to sustain them until coronary recanal- 
isation or transplantation. 
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Abstract 

Transmitral flow velocities were 
measured by Doppler echocardiography 
in nine healthy men who ingested 1 g/kg 
of ethanol within one hour. The 
measurements were made before the 
first drink and every hour thereafter for 
three hours. The peak mean (SE) blood 
ethanol concentration was 21:4 (1:0) 
mmol/l. Each man was also studied after 
drinking fruit juice. Ethanol increased 
the heart rate but did not change the 
peak transmitral velocities, the normal- 
ised peak filling rate, the deceleration of 
early flow, or the duration of relaxation 
as measured from the second heart 
sound to the peak early diastolic velocity. 
The ratio of the peak atrial to the peak 
early diastolic velocity rose from 0-41 
(0:03) to 0-44 (0:03) after ethanol but 
remained unchanged after juice. The 
difference between juice and ethanol was 
independent of changes in heart rate. 
The fluid balance was more negative in 
the ethanol experiment ( —727 (114) ml v 
— 107 (70) ml), suggesting a reduction in 
preload, and the ethanol-induced net loss 
of fluid correlated with the concomitant 
change in the velocity ratio. 

A moderate dose of ethanol causes a 
small acute increase of the ratio of the 
peak atrial to the peak early diastolic 
velocity of mitral flow in healthy sub- 
jects. Although this change indicates 
altered diastolic function of the left 
ventricle, most of it may result from the 
diuretic effect of ethanol. Any major 
impairment of ventricular relaxation 
seems unlikely. 


Even a moderate dose of alcohol can change 
left ventricular systolic performance through 
its effects on contractility, heart rate, and 
loading conditions.’’ Its effects on diastolic 
function are less certain. In theory, ven- 
tricular relaxation could be compromised be- 
cause alcohol can inhibit calcium cycling in 
the myocardial cell, at least at high concen- 
trations.^ We therefore used Doppler 
ultrasound to examine the effects of a 
moderate dose of ethanol on the transmitral 
blood flow velocities in healthy men. The 
Doppler method has been shown to be sensi- 
tive both to acute and chronic alterations in 
ventricular diastolic performance.?' 


Subjects and methods 
SUBJECTS AND STUDY DESIGN 
The study group consisted of nine male 
volunteers aged 23 to 28 years. All were 
healthy—as shown by a clinical examination, a 
12 lead electrocardiogram, and cross sectional 
echocardiography. They used alcohol only in 
moderation: the reported average consump- 
tion ranged from 5 to 35 g of ethanol/day 
(median 11 g/day). 

The men entered the cardiovascular lab- 
oratory at 3:00 pm having fasted for 6 hours 
before the study. They emptied their blad- 
ders, and an indwelling cannuia was inserted 
into an antecubital vein for blood sampling. 


Baseline recordings of arterial blood pressure 
(automated oscillometry), Doppler transmitral 
flow velocities, and M mode echocardiograms 
of the left atrium and left ventricle were made 
after a 30 minute supine rest. Thereafter the 
men ingested ethanol 1 g/kg as a 15%, (wiy) 
dilution in juice within one hour. The 
measurements described above were repeated 
every hour up to three hours after they started 
to drink. The volume of urine excreted during 
the study was measured and subtracted from 
the volume of fluid ingested. This gave the 
net loss of fluid (excluding evaporation and 
perspiration). Each man also took part in a 
control experiment in which the ethanol was 
replaced by the same volume of juice; the 
order of experiments was randomised. Sam- 
ples of venous blood were taken to measure 
the blood ethanol concentration" before eth- 
anol or juice ingestion and 20, 40, 60. 80, 100, 
120, and 180 minutes after the first ethanol 
drink. 


M MODE AND DOPPLER ECHOCARDIOGRAPHY 

We used a Toshiba SSH-60A cchocardio- 
graph equipped with a 3-7 MHz phased array 
transducer and a strip chart recorder for the 
cross sectional and M mode echocardio- 
graphic studies. The M mode recordings of 
the left ventricle and left atrium were taken 
through the sector scan by methods described 
in detail elsewhere.” 

The pulsed Doppler recordings of the 
transmitral flow were made with a Toshiba 
SDS-60A Doppler unit (incorporated into the 
SSH-60A scanner) and a 2:5 MHz transducer. 
This system analyses the Doppler shifts by a 
fast Fourier transform and displays the 
velocity spectra every 5 ms in real time. All 
studies were made with the man lying in the 
left lateral position and from an apical trans- 
ducer position. With cross sectional guidance 
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‘for the peak early velocity, 3-8 cm/s for the 
peak late velocity, 0-05 for the late to early 


we placed the sample volume between the 
mitral valve leaflets just distal to the mitral 


annulus, with the ultrasound beam directed in 
parallel with the assumed left ventricular 
inflow. The position and size of the sample 
volume were thereafter adjusted according to 
the Doppler signal to obtain maximal and 
clearly defined velocity waveforms. No angle 
correction was applied. The velocity spectra 
were recorded during quiet respiration to- 
gether with an electrocardiogram and an 
external phonocardiogram at a paper speed of 
50 m/s. 

M mode and Doppler recordings were 
coded and analysed blindly with a tablet digit- 
iser and computer assistance. The left ven- 
tricular end diastolic diameter and the left 
atrial diameter were measured according to 
the European standardisation.’ The mid- 
points of the darkest portions of the Doppler 
velocity waveforms were traced on the digitis- 
ing tablet and the computer automatically 
calculated the peak late (atrial) and early dias- 
tolic velocities, their arithmetic ratio, and the 
ratio of the peak early diastolic velocity to the 
total time velocity integral—that is the nor- 
malised peak filling rate according to Bowman 
et al." The relaxation time was measured 
from the beginning of the second heart sound 
on the phonocardiogram to the point of the 
peak early diastolic velocity; this time covers 
the period of relaxation more completely 
rather than merely the duration of isometric 
relaxation." We determined the deceleration 
of the early flow by fitting a straight line to 
the first half of the down slope of the early 
velocity wave. All measurements were the 
average of five cardiac cycles. 


REPRODUCIBILITY 

In five healthy men aged 32 to 42 years we 
recorded transmitral flow velocities twice 
under identical conditions at an interval of one 
hour. As in our ethanol study, the first record- 
ing was preceded by a 30 minute rest and the 
men lay supine between the recordings. The 
reproducibility of the Doppler measurements 
was assessed by the method of Bland and 
Altman by taking square roots of the mean 
square differences between the two examina- 
tions. These (that is, the standard deviations 
of the differences) were as follows: 4:5 cm/s 


peak velocity ratio, 64 cm/s for the decelera- 
tion of flow, 10 ms for the relaxation time, and 
0-4/s for the normalised peak filling rate. 
These figures compare well with the 
reproducibility data reported recently by Fast 
et al and Spirito et al.“ ? The reproducibility 
of our M mode echocardiographic technique 
has been reported earlier." 


STATISTICAL ANALYSIS 

We used methods available in the BMDP 
statistical software. Because the men served as 
their own controls, repeated measurements 
analysis of variance and covariance with no 
grouping factor and time and treatment as 
within factors were used to compare the 
effects of ethanol and juice on the cardiovas- 
cular measurements (BMDP 2V).'^ Heart rate 
was used as a covariate that changed over all 
levels of the within factors to adjust for the 
rate dependency of the Doppler velocity 
measurements." In analysing changes in the 
late to early peak velocity ratio we used the net 
loss of fluid during the experiment as a second 
covariate (changing over the levels of treat- 
ment) to adjust for the preload sensitivity of 
this measurement." We used the least squares 
method for correlation analysis. We used a 
paired ż test to compare the fluid balance 
between the ethanol and juice experiments. 
All tests were two tailed; p values <0-05 were 
regarded as statistically significant. The data 
are given as mean (SE). 


Results 

BLOOD ETHANOL 

The blood ethanol concentration was <0-6 
mmol/l in each man before both ethanol and 
juice ingestion. After ethanol intake blood 
ethanol measured 16-5 (0-8) mmol/l at the 
completion of the drinking period, 21-0 (1-0) 
mmol/l 40 minutes later, and 18:3 (1-0) mmol/l 
at the end of the experiment. The fluid balance 
was — 727 (114) ml after ethanol and — 107 (70) 
ml after juice (p « 0-001). 


CARDIOVASCULAR MEASUREMENTS 
Table 1 summarises the data on heart rate, 


Table 1 Heart rate, blood pressure, left ventricular end diastolic diameter, and left atrial diameter (mean (SEM) ) before and after ingestion of 
ethanol (1 g/kg within one hour ) or an equal volume of juice 
DDASS 








F values* 
Time (h) after drinking started Treatment 
x time 

Measurement 0 I 2 3 Treatment Time interaction 
Heart rate (beats/min) J 55 (2) 52 (2) 54 (2) 51 (2) 8-8T 0-5 7-91 

E 52 (2) 56 (2) 56 (3) 56 (2) 
Systolic blood pressure (mm Hg) J 106 (4) 109 (3) 110 (2) lit (3) 0:2 1-4 0-8 

E 107 (3) Hl (» 108 (3) 108 (3) 
Diastolic blood pressure (mm Hg) J 63 (2) 64 (1) 65 (2) 67 (2) 43 1:3 0-5 

E 62 (3 62 (3) 60 (3) 63 (2 
LV end diastolic diameter (mm) I 51-7 (0-8) 51:6 (0-7) 51:5 (0-5) 51-1 (0-7) 0:2 3-77 1-0 

E 52:0 (0-6) 51:8 (0-7) 50-7 (0-7) 50-5 (0-7) 
Left atrial diameter (mm) J 34-8 (1-5) 35-3 (1.4) 33-6 (1-4) 32:8 (1-4) 0-1 17.58 0-5 

E 34-6 (1.3) 35-1 (1:4) 33-8 (1-0) 31:8 (1-1) 


Fa TTT rr TT nr AAAA AAAA AAAA AAAA AAAA. 
*F values from repeated measurements analysis of variance; the degrees of freedom are 1, 8 for the treatment effect and 3, 24 for the effects of time and the 


treatment x time interaction. 


tp < 0-05; Ip < 0-01; $p < 0-001. 


E, ethanol; J, juice; LV, left ventricular. 


ea 














Acute effects of ethanol on left ventricular diastolic function 13] 
Table 2 Doppler velocimetry of mitral flow before and after ingestion of ethanol (1 g/kg within one hour ) or an equal volume of juice į mean 
(SEM} } 
F values” 
Time (h) after drinking started Treatment 
X fete Heart 
Measurement 0 1 2 3 Treatment — Time imteraction rate 
Peak atrial velocity (cm/s) J} 24 (2:2 23 | (2) 232 (i) 22 (2) 49 1-9 04 q.d 
E 24 (1 26 (2) 25 (2) 24 (1) 
Peak early diastolic velocity ] 6l (3) 60 (4) 58 (4) 57 (3) 01 40t 2:8 Oa 
(cm/s) E 61 (4) 62 (4) 59 (4) 59 (4) 
Atrial to early peak velocity J 0:39 (0-03) 0-40 (0-03) 0-39 (0-03) 0:39 (0-04) 10-67 02 id 5-9 
ratio E 0:41 (0-03) 0-44 (0-04) 0-44 (0-03) 0-43 (0-04) 
Deceleration of early flow ] 420 (33) 428 (57) 370 (28) 375 (27) 0-0 2-0 oT 3 
(cm/s?) E 426 (40) 450 (40) 414 (42) 418 (40) 
Peak normalised filling rate (s) — ] 41 (01) 41 (01) 42 (0-1) 41 (02) 0-4 1-7 GT R 
E 42 (0-1) 45 (0-2) 42 (0-1) 44 (01) 
Relaxation time (ms) ] 196 (8) 190 (6) 193 (6) 194 (6) 0-0 16 13 SRF 
E 207 (9) 196 (6) 196 (6) 196 (4) 


*F values from repeated measurements analysis of covariance with heart rate as a changing covariate; the degrees of freedom are 1, 7 for the effects of treatment and 


heart rate and 3, 23 for the effect of time and for the treatment x time interaction. 


Ratio of atrial to early 
peak velocity (AJE) in 
nine healthy men before 
and after ingestion of 
1 gikg of ethanol or the 
same volume of juice. 


tp « 0-05. 


blood pressure, and left ventricular and atrial 
diameters. The results of the analyses of 
variance are also given. Compared with juice, 
ethanol increased heart rate (p = 0-018 for the 
treatment effect and p = 0-001 for the treat- 
ment x time interaction) but did not give a 
statistically significant change in either systolic 
or diastolic blood pressure or the diameters of 
the left ventricle or the left atrium. 

Table 2 summarises the Doppler velocity 
measurements and the results of the repeated 
measurements analyses of covariance. A statis- 
tically significant treatment effect (that is, an 
effect of ethanol independent of the effects of 
time and heart rate) was found only in the ratio 
of late to early peak velocity, which rose from 
0-41 (0-03) to 0-44 (0-03) 2 hours after ethanol 
but was unchanged 2 hours after juice (p — 
0-014) (figure). There was a modest direct 
correlation (r — 0:50) between the net loss of 
fluid and the change in the peak velocity ratio 
from the baseline to the 3 hour recording in the 
ethanol study, suggesting that the larger the 
diuresis the more prominent was the rise in the 
peak velocity ratio. When the net loss of fluid 
was included as a second covariate in the 
analysis the treatment effect on the velocity 
ratio became non-significant (F — 1:22, p — 
0-312). 


Discussion 
The study of left ventricular diastolic function 
by Doppler echocardiography is based on 


Ethanol 
0:45 
p<0-05 
M 0:40 
0:35 Juice 
Í Ethanol /juice 
0 1 2 3 


Time (h) 


E, ethanol; J, juice. 


measuring the velocity of blood flow through 
the mitral valve during ventricular filling. This 
technique has rapidly gained in popularity 
because it is non-invasive, simpie, and repeat- 
able. Velocity derived indices of ventricular 
filling correlate with both cineangiographic" 
and radionuclide angiographic" data, and 
simultaneous catheterisation and Doppler 
studies have shown that the method can expose 
both relaxation and compliance abnormalities 
of the left ventricle. ^ A limitation of this 
technique is that in addition to diseases and 
therapeutic interventions factors such as age, 
heart rate, loading conditions, and left atrial 
pressure can also influence the transmutral 
velocities.! " In our study, both heart rate and 
time seemed to have significant effects (see 
table 2). Although the effect of time, a novel 
finding, may simply be a refiection of the 
present experimental conditions, it could as 
well indicate diurnal variation in diastolic func- 
tion and therefore deserves further study. 
Analysis and interpretation of the Doppler 
data for differences or changes in the intrinsic 
ventricular diastolic properties must take into 
account the contribution of the confounding 
factors such as time and heart rate, When 
groups of patients are studied this can be done 
in part by proper use of statistical techniques. 
We have found methods of covariance analysis 
very useful in this respect, both in cross sec- 
tional between-group comparisons and, as the 
present work shows, in studying serial changes 
in diastolic function. These techniques do not 
solve the problem of interpreting individual 
data, however, which probabiv need nomo- 
grams adjusted for age and heart rate at least. 


ETHANOL AND DIASTOLIC FUNCTION 

We found that ethanol induced a small increase 
in the ratio of late to early peak velocity. An 
increase in heart rate,” a reduction in preload,” 
or an impairment of relaxation" could produce 
this. We think that a reduction in preload was 
the most likely mechanism in our study because 
the change was rate independent, there were no 
differences in the relaxation time or in the 
deceleration of flow, and the change in the 
velocity ratio correlated with the amount of 
fluid loss that ethanol provoked. This inter- 
pretation accords with the results of covariance 
analysis in which the treatment effect was 
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adjusted for the fluid loss, and it also accords 
with previous reports showing that ethanol 
reduced preload in healthy people! ^" and in 
patients with congestive heart failure.? As in 
our earlier study, we found bigger reductions 
in the sizes of the left ventricle and atrium after 
ethanol than after juice, indicating that ethanol 
affected the preload (but not significantly). A 
reduction in preload changes the velocity ratio 
by decreasing the peak early velocity or, in 
addition, by increasing peak late velocity.” ?* In 
our study the rise in the velocity ratio was 
apparently mainly the result of a change in the 
atrial component, though again the effect of 
ethanol on the peak atrial velocity did not quite 
reach statistical significance (F = 49, p = 
0-06; see table 2). 

Both experimental and clinical studies sug- 
gest that prolonged and heavy use of alcohol 
can impair left ventricular filling before or 
concomitantly with contractile deterioration. 
In a canine model of chronic alcoholism, the 
first myocardial abnormality to appear was a 
decrease in left ventricular compliance,” and in 
alcoholic patients left ventricular end diastolic 
pressure may be increased despite a normal or 
even a decreased end diastolic volume.” 
Recently, Silberbauer et a/ reported the results 
of Doppler velocimetry in alcoholic patients 
who were free of clinically evident heart dis- 
ease." Compared with healthy controls, alco- 
holic patients showed changes in the peak 
velocity ratio and in the isovolumetric relaxa- 
tion time indicative of impaired relaxation 
despite normal left ventricular mass and sys- 
tolic performance. Although chronic heavy 
drinking seems to impair left ventricular dias- 
tolic function, our data suggest that a single 
modest dose of alcohol does not produce com- 
parable adverse effects in healthy men. 


We thank the Finnish Foundation for Alcohol Research for 
financial support. 
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Continuous wave Doppler echocardiography and 
coarctation of the aorta: gradients and flow 
patterns in the assessment of severity 


Julene S Carvalho, Andrew N Redington, Elliot A Shinebourne, Michael L Rigby, 


Derek Gibson 


Abstract 

Indices of the severity of coarctation 
derived from non-invasive Doppler 
echocardiography were compared with 
measurements derived from cardiac 
catheterisation and angiography. In 24 
Doppler studies from 17 children instan- 


taneous peak, systolic and diastolic 


gradients and time to half peak systolic 
and diastolic velocities were compared 
with the ratio of the coarctation dia- 
meter to the diameter of descending 
aorta at the level of diaphragm obtained 
from angiographic systolic frames of 


` the aorta. A high peak systolic gradient 


(>40 mm Hg) or long time to half peak 
diastolic velocity (>100 ms) (that is, 
maintenance of flow in diastole) were 
both highly specific (10095) in detecting 
coarctation of the aorta where the 
angiographic ratio was <0°5. Diastolic 
measurements, however, were more sen- 
sitive (79% both for peak diastolic 
gradient and for time to half peak dias- 
tolic velocity) than systolic (57% for peak 


systolic gradient and 64% for time to 


half peak systolic velocity). Even higher 
sensitivity (9395) was obtained when the 
peak systolic gradient was > 40 mm Hg 
or the time to half peak diastolic velocity 
was > 100 ms. 

Examination by continuous wave 
Doppler echocardiography is an effec- 
tive non-invasive method of assessing 
the severity of coarctation of the aorta, 
particularly when systolic and diastolic 
events are considered together. This 
approach overcomes the relatively low 
sensitivity of peak systolic gradient 
alone. 


Clinical presentation of coarctation of the 
aorta varies with the age of the patient and the 
severity of coarctation. In the neonatal period, 
heart failure may be precipitated by closure of 
the ductus arteriosus, blood flow to the lower 
body having been dependent on ductal 
patency. Older children are usually symptom 
free. Non-palpable or weak femoral pulses 
with normal or increased pulses in the arm are 
the most specific findings that lead to the 
diagnosis, but these useful clinical findings 
may be absent. In the neonatal period there 
may be a large ductus and in older children an 
extensive collateral circulation may result in 
normal femoral pulses. Blood pressure 


measurements in the arms and legs and 
gradients measured across the coarctation area 
by Doppler echocardiography can give some 
indication of severity. Differences in pres- 
sures, however, depend not only on the 
severity of the coarctation but also on flow 
from collaterals and on cardiac output. 
Instantaneous peak systolic gradients 
measured by Doppler techniques correlated 
well with the severity of coarctation. In 
some patients after coarctation repair, how- 
ever, we found increased velocities in the 
descending aorta not associated with clinically 
significant coarctation. These high velocities 
may be related to turbulence around the 
operation site. The flow velocity pattern in 
the descending aorta in coarctation can be 
abnormal ‘in diastole as well as in systole.*? 
Studies of the duration of flow in the descend- 
ing aorta with measurements of acceleration 
time and anterograde flow time improved the 


‘correlation between catheterisation pressure 


gradients and Doppler derived gradients.* 
However, measurements related to flow dura- 
tion were not studied in detail. We therefore 
further investigated ways in which gradients 
and flow patterns in the descending aorta can 
be used to predict the angiographic severity of 
coarctation. 


Patients and methods 

Between January 1987 and June 1989 we 
studied 17 children with coarctation of the 
aorta who had cardiac catheterisation and con- 
tinuous wave Doppler studies performed 
within 48 hours of each other. Doppler studies 
were performed with either a Doptek Spectra- 
scan or a Hewlett Packard (Model 77020AC) 
2:5 MHz probe. An electrocardiogram was 
recorded simultaneously on paper at 100 mm/s 
speed. Seven patients underwent angioplastic 
balloon dilatation and measurements were 
taken before and after the procedure. Thus 24 
pairs of measurements were available for 
analysis. We used continuous wave Doppler 
echocardiography from a standard suprasternal 
position to measure maximum velocity in the 
descending aorta. We measured the following 


-variables (fig 1) and calculated gradients using 


the modified Bernoulli equation (gradient = 
4V? Y: (a) instantaneous peak systolic gradient 
(mm Hg) corresponding to the maximal 
measured velocity; (b) early (peak) diastolic 
gradient (mm Hg) arbitrarily measured at the 
end of the T wave on the electrocardiogram; (c) 
systolic velocity half time (ms)-—that is, time to 
half peak systolic velocity from the onset of 
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Figure 1 Continuous wave Doppler ec hocardiogram recorded from a suprasternal 
position in a patient with severe coarctation, showing systolic (A) and diastolic ( B) 
measurements. PSG or PDG, peak systolic or diastolic gradient; T4 PSV or T4 PDV, 
time to half peak systolic or diastolic velocity. 


ejection; and (d) diastolic velocity half time 
(ms)—that is, time taken for the diastolic 
velocity to fall to half its (peak) early value (at 
the end of the T wave). 

We studied systolic frames that showed the 
maximal diameter on the aortogram or left 
ventriculogram and which showed the coarcta- 
tion site and descending aorta at the level of the 
diaphragm. A diagram was copied from the 
projected aortogram in straight lateral or left 
anterior oblique view in all but two patients, 
when an anteroposterior projection was used. 
To control for age, weight, and x ray magnifica- 
tion, we measured the minimal diameter of the 
coarctation and expressed it as a ratio of the 
descending aorta at the level of the diaphragm 
(fig 2). Two independent observers analysed 
22 of the 24 angiograms without previous 
knowledge of the measurements and subjec- 
tively graded the coarctation as severe, 
moderate, mild, or non-existent. 


ANALYSIS OF DATA 

The observer's subjective (but blind) angio- 
graphic assessment of severity was compared 
with the angiographic ratio. The data were 
evaluated for interobserver variablity, for the 
relation of subjective category to angiographic 
ratio, and for whether Doppler measurements 
and angiographic ratio correlate with decision 
to intervene. The angiographic ratio was used 
as the reference standard for the non-invasive 
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measurements obtained with continuous wave 
Doppler. 

Each of the Doppler measurements and the 
angiographically determined ratios were placed 
in rank order. Matrices of Spearman rank 
correlation coefficients for the basic data were 
then calculated to idenufy which Doppler 
measurements, when analysed as independent 
measurements, correlated with the angio- 
graphic index of severity. 


Results 
Table 1 shows the results of all measurements. 


ANGIOGRAPHIC ASSESSMENT (TABLE 2) 

All patients with an angiographic ratio < 0:5 
were considered to have severe or moderately 
severe coarctation by both observers and to 
require relief of the coarctation (surgery or 
balloon dilatation). All angiograms with ratios 
> 0-65 were graded as mild or trivial coarcta- 
tion by both observers and were not regarded as 
requiring intervention. In five patients the 
ratios were between 0:5 and 0:65, and two 
ratios 0:58 and 0-63) of these patients were 
considered to have none/mild coarctation by 
both observers. In the remaining three patients 
(ratios 0:57, 0-6, and 0-63) the coarctation was 
regarded as mild by one and moderate by the 
other observer. None of these three cases was 
regarded by the observers as requiring (nor did 
they undergo) intervention. 
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Figure 2 Systolic frame in lateral projection of an 
angiogram of the ascending aorta. The measurements of 
coarctation diameter and diameter of descending aorta at 
the level of diaphragm that were used to calculate the 
angiographic ratio are shown. 
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Table 1 Measurements by Doppler echocardiography and angiography 











A . PSG PDO TjPSV -T4 PDY 
Patient , Ratio (mm Hg). (mm Hg) (ms) (ms) 
1 Before 0 33 49 32 210 135 
1 After 0:72 29 9 120 30 
2 0 68 28 6 90 45 . 
3 Before 0-50 50 35 105 55 
3 After 0-63 , 17 1 60 50 
4 Before 0-63 ^ 33 - 28 120 80 
5 Before 0-57 1 18 5 100 20 
6 . 0-49 . 21 16 160 135 
1 0-45 "S2 ’ 44 260° 215 
8 013 - ^ 63 50 325 335 

9 0-29 25 , 23 150 125 . 
10 022 45 32 370 400 
ll Before 043’ 39 2o 110 10 
12 Before 0:30 43 27 85 35 
12` After 1:00 17 , 07 110 Q- 
13, Before 041 60 -48 135 -125 
13 After 0-82 14 4 110 25 

“14 0:27 12. 5 175 240 
15 Before 0-25 37 20 200 120 
15 After 0-60 33 6 120 . 20 
16 Before 0:20 55 30 245 170 
16 After 0 57. 32 11 155 80 ' 
17 Before 0-27 31 12 120 130 
17 After 0 80 12 0 85 0 
Before and After refer to balioon 


dilatation. 
PSGorPDG, peek epic or diastolic eradlents;T,timewo half peskoeyoolic or diaimlie velocity 


coarctation 
Patient Ratio Observer 1 Observer 2 
1 Before . 0633 Severe Severe . 
] After 0 72 Mild Mild 
2 0 68 Mild Mild 
3 Before 0-50 ` Severe — Severe 
‘ 3 After 063 - Moderate. Mild 
4 Before 0-63 Mild Mild 
5 After 0-57 Moderate - Mild 
6 ‘ 049 . Severe -> Severe . 
7 0 45 Moderate Moderate 
8 0-13 Severe Severe 
9 °° 0 29 Severe Severe 
10 0 22 Severe Severe 
11 Before 0 43 Severe Mod severe 
12 Before. 0-30 NA NA s 
12 After . -1-00 NA NA 
13 Before 0 41 Severe Severe 
13 After - 0-82 None None 
14, 0:27 Severe Mod severe 
]5 Before . 0-25 Severe -~ Mod severe 
15 After 0 60 Moderate Trivial 
.16 Before 0-20 Severe Severe 
16 After 0-58 None Trivial/none ' 
17 Before 027 Severe Severe 
18 After 0 BO None None 
NA, not available; Mod severe, moderately severe. Before and 
After refer to balloon dilatation. 
. DOPPLER ASSESSMENT 


,Table 2 Angiogtaphic assessment of severity of 








. Because none of the patients with an angio- 


graphic ratio >0-5 was thought by either 
Observer to require surgery or.balloon dilata- 
tion, we elected to make this value a clinically 
important discriminant. We therefore exam- 
ined the sensitivity and specificity of Doppler 
measurements for detecting patients with 
ratios above and below this value.’ : 

High systolic gradients or long decay times 
were specific for significant coarctation. In this 
series we obtained 100% specificity and 100% 
predictive value for detecting coarctation with 
an angiographic ratio «0:5 if the peak systolic 
gradient was >40 mm Hg and/or time to half 
peak diastolic velocity was > 100 ms. Conver- 


^ sely, lower sensitivities were seen for each of 


the individual measurements, although dias- 
tolic variables were: more sensitive and had 
better predictive values for a negative test than 


systolic measurements. This relatively low sen- - 
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sitivity of the Doppler technique was greatly 
improved when we considered the peak systolic 
gradient and peak diastolic velocity half time 


 together—that is, whether there was either a 
peak systolic gradient >40 mm Hg or a long 


time to half peak diastolic velocity (> 100 ms) 
(table 3). A plot of the angiographic ratios and 
time to' half peak diastolic velocity shows the 


| validity of this particular measurement (fig 5). 


Matrices of the Spearman correlation co- 


efficient showed that each of the individual 


Doppler measurements correlated with the 
angiographic ratio. Table 3 gives details of each 
correlation coefficient and significance level. 


_All values were significant (p « 0-003), but the 
negative correlations between times to half 


peak systolic and to half peak diastolic 
velocities and the angiographic ratios were 
stronger. than the correlation between peak 
systolic and diastolic gradients and the angio- 
graphic ratios. So it is likely that the longer the 
time to half maximal velocities (persistence of 
- flow in diastole) the smaller the ratios (the more 
severe the coarctation). 


Discussion 

In the presence of coarctatión of the aorta 
various factors can influence the flow pattern in 
the descending aorta. The cross sectional area 
and length of the narrowed segment and the 
presence of a collateral circulation or a large 
ductus arteriosus are contributing factors, as is 


the cardiac output. The resultant pattern of 
.flow to the descending aorta is, therefore, 


related to a complex interaction of all these 


: factors. The limitations of using the Doppler 


technique to diagnose coarctation of the aorta 
in neonates have been recently emphasised.’ 
The pattern of flow velocity in the descend- 
ing aorta in the presence of coarctation is 
qualitatively characteristic. High systolic 
velocities reflect the presence of a pressure 
drop between the proximal! and distal aorta 
during ejection. High velocities also persist 


. during diastole. In mild cases these have re- 


turned to baseline by mid diastole; but when 
coarctation is more severe, high velocities con- 
tinue throughout diastole. It thus seems to us 
that not only might the patterns of diastolic 
flow provide a means of measuring the severity 


of coarctation but also that such patterns may 
- reflect an aspect of the disturbance to normal 
: physiology quite distinct from a simple reduc- 


tion in peak perfusion pressure. This diastolic 
pressure drop can be considered as equivalent 


.to a potential generated by a capacitance decay- 
ing across a resistance; so it can be modelled as 


an exponential. We therefore chose to measure 
its severity as a simple velocity half time. 


Obviously, conditions are more complex than 


this, particularly where there is a large col- 


"óateral flow which could cause pressure to 


equilibrate rapidly regardless of the severity of 
the coarctation itself. Even so, we believed that 
measüring the decay time would give informa- 
tion related to the severity of obstruction in the 


. presence of collaterals, and that the clinical 


value of such measurement might usefully be 
explored. 
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Our results showed that the specificity of 
Doppler measurements in identifying severe 
coarctation of the aorta is high if there is an 
important gradient or flow that is maintained in 
diastole. In six patients severe coarctation 
would have been missed if only high peak 
systolic gradients had been considered. This 
low sensitivity could be greatly improved by 
analysing the peak diastolic velocity half time. 
This approach makes it possible to identify 
those patients with severe coarctation in whom 
lower velocities (and consequently lower 
gradients) are present. In this series only one 
patient (case 11) with a severe lesion would not 
have been definitely identified by the combina- 
tion of the two measurements. However, even 
in this case the peak systolic gradient was nearly 
40 mm Hg. 

This analysis shows that the validity of the 


' Doppler technique for assessment of severity of 
vices coarctation of the aorta can be significantly 
| improved by the additional assessment of flow 

i patterns. The factors that influence the pres- 

' ence of high velocity across the narrowed 


segment or persistence of flow in diastole in the 
descending aorta are certainly complex, but the 
presence of only one of these measurements 
seems to be enough to confirm that the coarcta- 
tion is appreciable and warrants intervention. 
A very small number of patients, however, 





Figure 3 Continuous wave Doppler echocardiogram recorded in a patient with severe may still require cardiac catheterisation if 


coarctation of the aorta (ratio = 0-27 





Figure 4 Continuous 
wave Doppler 
echocardiogram recorded 
in à patient with severe 
coarctation (ratio = 
0-30), high peak systolic 
gradient (43 mm He), and 
short decay time (35 ms). 


PSG > 40mm Hg 
T4 PSV > 140 ms 
PDG > 15mm Hg 
T! PDV > 100 ms 


PSG » 40 mm Hg or 
Ti PDV > 100 ms 


. Note slight increase in maximal systolic 
velocity (gradient = 12 mm Hg) but long diastolic velocity half time ( 240 ms). 


measurements are borderline and there is un- 
certainty about the severity of coarctation on 
clinical grounds. 


Table 3 Performance of Doppler echocardiographic measurements in detecting coarctation when the angiographic 
ratio was € 0-5 





Sensitivity Predictive value Predictive value Spearman rank 
95J Specificity of positive test of negative test correlation (p) 
(9 f vas ) [ 94, J 
57 100 100 63 —0-57 
(0-003) 
64 90 90 64 — 0-67 
( € 0-001) 
79 90 92 75 0-61 
(0-001) 
79 100 100 71 — 0-76 
( € 0-001) 
93 100 100 91 





PSG or PDG, peak systolic or diastolic gradients. Ti PSV or T} PDV, time to half peak systolic or diastolic velocity. 
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Figure 5 Angiographic ratio plotted against time to half peak diastolic velocity to show 


the validity of this measurement. There were no false positive (right upper corner) and 
three false negative results (left lower corner). True positive measurements are shown in 
the right lower corner and true negative on the left upper corner. 
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Morphological evaluation of atrioventricular 
septal defects by magnetic resonance imaging 
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Abstract 

Twelve patients aged between 2 weeks 
and 22 months (median 6 weeks) with 
atrioventricular septal defects were 
examined with a 1:5 T, whole body, mag- 
netic resonance imaging system. Ten 
patients had a common atrioventricular 
orifice (complete defect) while two 
patients had separate right and left valve 
orifices (partial defect). Associated car- 
diac malformations included the 
tetralogy of Fallot in two, isomerism of 
the right atrial appendages and pulmon- 
ary atresia in two, and right isomerism 
and double outlet right ventricle in one. 
All had previously been examined by 
cross sectional echocardiography. Eight 
subsequently had angiography and six 
underwent surgical correction. There 
was one operative death and three other 
deaths. Three of these patients under- 
went postmortem examinations. Small 
children and infants were scanned inside 
a 32 cm diameter head coil. Multiple 
electrocardiographically gated sections 5 
mm thick, separated by 0:5 mm, were 
acquired using a spin echo sequence with 
echo time of 30 ms. A combination of 
standard and oblique imaging planes 
was used. Magnetic resonance imaging 
was more accurate than echocardio- 
graphy in predicting the size of the 
ventricular component of the defect. It 
was also better than either echocardio- 
graphy and angiography in identifying 
the presence of ventricular hypoplasia. 
All these findings were confirmed by 
surgical or postmortem examinations or 
both. 

Magnetic resonance imaging is cap- 
able of providing detailed morphological 
information in children with atrio- 
ventricular septal defects which is likely 
to be of value in their management. 


Atrioventricular septal defects encompass a 
group of lesions associated with an underlying 
abnormality of the atrioventricular junction. 
These include a defect at the anticipated site 
of the muscular and atrioventricular septal 
structures of the normally septated heart. As 
there is no contiguity between atrial and ven- 
tricular septal structures, a common atrioven- 
tricular junction is present. There is basically 
a common atrioventricular valve with an 
abnormal arrangement of its valvar leaflets. 
Considerable variation occurs within this 
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group of abnormalities. In particular, ven- 
tricular dominance of either the  mor- 


phologically left or right ventricle may be 


present in association with hypoplasia of the 
opposite ventricle. Furthermore, there is a 
frequent association with other cardiac mal- 
formations. In each case, these anatomical 
features will be. fundamental in determining 
prognosis. It follows that a comprehensive 
evaluation of the cardiac anatomy is crucial in 
managing patients with this malformation. 
Cross sectional echocardiography is the major 
non-invasive method used to demonstrate this 
anatomy and often it is the only technique 
used before surgery.” Invasive studies, 
however, are required when echocardiography 
fails to define the anatomy adequately. 

Magnetic resonance imaging is a non- 
invasive technique capable of producing high 
resolution images of intracardiac anatomy in 
infants and children with congenital heart dis- 
ease.*? One of its major strengths is the ability 
to acquire images in any plane. Imaging 
protocols can be adapted to suit the anatomy 
of individual patients. This makes it par- 
ticularly valuable for studying malformations 
such as atrioventricular septal defects, where 
there may be considerable morphological 
variation. With these considerations in mind, 
we studied the ability of magnetic resonance 
imaging to provide an accurate morphological 
assessment of the cardiac abnormalities 
associated with atrioventricular septal defects, 
noting particularly those features of surgical 
importance. 


Patients and methods 

PATIENTS 

Between March 1988 and March 1989 all new 
patients seen at Guy's Hospital with a diagnosis 
of atrioventricular septal defect, confirmed by 
Cross sectional echocardiography, were invited 
to enter the study. Informed consent was first 
obtained from parents or guardians of the 
children and infants. Only the parents of one 
child declined and twelve patients were 
examined. The median age of the group was 6 
weeks (range 2 weeks to 22 months). Seven 
patients had Down syndrome. Associated mal- 
formations included the tetralogy of Fallot in 
two patients, isomerism of the right atrial 
appendages with pulmonary atresia in two 
patients, and right isomerism with double 
outlet right ventricle and hypoplastic pulmon- 
ary arteries in one patient. After magnetic 
resonance imaging, eight patients underwent 
angiography. Six of these have since undergone 
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Oblique sagittal plane. 


Oblique imaging planes 


` Ventricular septum ` 


Ventricular short axis 





Powet Frequently aedibus planes. Sections from an oblique tr transverse imaging 
plane produce a four chamber view. Sections Bend ame the pies af tha puniri 
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From this view, a plane 
short axis view. 
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the atrioventricular valve (oblique sagittal) reduce 
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‘corrective surgery and three patients have been 
treated palliatively with modified Blalock- 


Taussig shunts. Three patients who were not: 


suitable for early corrective surgery died. One 
patient undergoing corrective surgery also died 


in the early postoperative period. Three: of ' 


these: patients underwent a ee 
examination. 


METHODS ,- 

Images were Betts cd ‘with a 1-5 T, whole 
body, imaging system (Philips Gyroscan). 

Infants and smaller children were positioned 
inside a standard 32.cm proton head coil. All 
were.sedated with.chloral hydrate (50—75 mg/ 
kg). Simultaneous | sections, 5 mm thick, 
separated by 0:5 mm and gated to the patients' 
electrocardiogram, were acquired using a Ti 
weighted spin echo sequence with an echo time 
of 30 ms. Although the size of the matrix was 
256: x 256, only 180 signals were used to 
construct the final image; so that the scanning 
times could be shortened with only a slight 
reduction in resolution of the images. The field 
of. view was 200-250 mm. With two signal 
averages being performed for each examina- 
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tion, the typical scanning time for a series of 
seven sections was approximately 6 minutes. 
Sections were acquired in- orthogonal and 


, oblique imaging planes, selected in each case by 


a cardiologist who was already familiar with the 


' echocardiographic findings in the individual 


patient. Frequently used planes (fig 1) included 
an oblique transverse section, rotated around 
an anterior-posterior axis, to give a four cham- 


. ber view; an oblique coronal plane, rotated 
' around an inferior-superior axis, directed along 
the plane of the ventricular septum to provide a 


unique view of the inlet and trabecular portions 
of the ventricular septum face on; and an 
oblique sagittal plane, rotated around an 


" inferior-superior axis as well as an anterior- 


posterior axis, to provide a short axis view of 


the ventricles and atrioventricular valve. The 
angles selected to obtain the oblique imaging 


planes were determined from the structures 
displayed in pre-existing images and they were 
varied to suit the anatomy of individual 
patients. The total scanning time for the com- 
plete examination was less than 90 minutes in 
every patient. 


. ANATOMICAL SPECIMENS 
‘We dissected hearts from those patients who 


died in our series and specimens selected from 
the cardiopathological museum of the National 
Heart and Lung Institute to display the 


. anatomy as it would be seen in cross section 
` from i imaging planes used by magnetic reson- 
> ance imaging. 


i Results 


There were no technical problems with this 
imaging protocol. Oral sedation proved effec- 
tive in all cases and respiratory depression was 
not encountered. All the images were of diag- 


, nostic quality. The diagnosis of atrioventri- 


cular septal defect was most readily made from 
sections taken in a transverse plane. In patients 
with a common atrioventricular orifice both the 


atrial and ventricular components of the defect 


were identified. The presence of the common 
valve was detected by seeing that bridging 
leaflets were all at one level. The demonstration 
of both ventricles within a single image enabled 
their relative dimensions to be assessed (figs 2- 
4). In two patients who had separate right and 
left atrioventricular valve orifices we saw no 


ventricular component from this view (fig 3). 


' ATRIAL SEPTUM 


No atrial septum was identified in the three 
patients with isomerism of the right atrial 
appendages. In the remaining nine patients, the 
atrial septum was shown in images taken in 
various planes. The oblique transverse plane 
was of greatest use in identifying the presence 
and size of the atrial component of the defect 
(figs 2, 5,.and 6). We did not find bridging 


. leaflets attached to the atrial septum, confining 


the anatomical potential for shunting at the 
ventricular level, in any of our patients. The 
four chamber view showed the characteristic 


“drum stick" appearance of the atrial septum 
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Figure 2 





Above) A section taken in an oblique transverse imaging plane from a 


patient (case 3) with atrioventricular septal defect and common valvar orifice. Both 
components of the defect are shown and the atrioventricular valves are at a common level 
arrows). Relative ventricular dimensions can also be assessed from this view. RV, right 
ventricle; LV, left ventricle. ( Below) A postmortem specimen from a different patient 
vith atrioventricular septal defect and common valvar orifice, cut to show a four 
chamber view for comparison with the magnetic resonance imaging section. RV, right 
ventricle; LV, left ventricle; VS, ventricular septum; arrows = atrioventricular valve. 


that is associated with an atrial component of 


the defect (fig 5). 


VENTRICULAR SEPTUM 

Because the ventricular septum is a three 
dimensional structure it was not possible to 
encompass it all within one single image. The 
use of serial sections in several planes enabled 
all its portions to be visualised. Images from 
transverse planes showed the muscular inlet, 
trabecular portions, and outlet portions (figs 2 
and 3). An oblique coronal plane showed the 
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scooped out muscular inlet portion, the mus- 
cular trabecular portion, and the outlet septum 
(figs 7-9). By using a combination of these 
views we could see the size of the ventricular 
component of the defect, if present, in every 
case, and correspondingly document its 
absence. 

Because the heart lies obliquely within the 
thorax, the use of standard transverse planes 
often produced foreshortened views of the 
ventricle, the ventricular septum, and the ven- 
tricular component of the defect. In such cases, 
it was important to view sections in an oblique 
transverse plane (fig 1). Although images from 
this plane showed the ventricular component of 
the defect, it was often impossible to assess its 
size because attachments of the bridging 
leaflets to the ventricular septum obscured the 
defect (figs 6 and 10). Images taken from the 
oblique coronal plane directed along the ven- 
tricular septum, however, gave a unique view 
of its inlet and trabecular portions, which were 
seen face on. The ventricular component was 
identified from this view, appearing as a 
scooped out defect within the overall septum 
(gs 7 and 8) whose size was readily 
appreciated. Any sections that were inadver- 
tently directed obliquely through the defect cut 
obliquely through the ventricular septum and 
failed to show the defect adequately. A repeat 
scan at a slightly different angulation ensured 
true alignment through the defect. 

This view also showed the presence of 
attachments of the superior and inferior bridg- 
ing leaflets to the crest of the ventricular 
septum (figs 7 and 8). In those patients with 
separate right and left atrioventricular valvar 
orifices the bridging leaflets of the valve and 
their connecting tongue were seen closely 
attached to the ventricular septum (fig 9), thus 
completely obliterating the ventricular com- 
ponent of the defect. Both the magnetic reson- 
ance image and the anatomical specimen in fig 9 
show that there was no ventricular component 
to the defect. But you can still see that the 
scooped-out defect has the same dimensions as 
seen in patients with common valvar orifice 
(figs 7 and 8) although the anatomical potential 
for left-to-right shunting is entirely through 
the atrial component of the defect when the 
leaflets are firmly attached to the crest of the 
ventricular septum. 


ATRIOVENTRICULAR VALVE 

By using various imaging planes we saw and 
identified the superior and inferior bridging 
leaflets, together with their attachments to the 
ventricular septum. From a series of images 
taken in an oblique transverse plane, we found 
that the lowermost sections would include the 
inferior bridging leaflet while more cranial 
sections would include the superior bridging 
leaflet (fig 10). Images from an oblique coronal 
plane directed along the ventricular septum 
showed both the bridging leaflets together (figs 
7 and 8). 

We attempted to show the atrioventricular 
valve in the short axis view in oblique sagittal 
imaging planes. The results were universally 
disappointing. In only one patient was it pos- 
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sible to see leaflets other than bridgu 
It was not possible in this plan 
whether there was a common or 
separate atrioventricular 

Papillary mucles within the 
however, were seen in this viev 
shown to have the superior-infer! 
known to be typical for this malto 
11). Their distal insertions were n: 


VENTRICULAR DIMENSIONS 

The relative ventricular dimen 
assessed accurately in all patien 
d transverse imaging planes shov 

i tricles side by side in long axis (fig 


] ; 
e. vw LV and oblique sagittal imaging plan« 
P. UN 


both ventricles together in an ant 

terior relation in short axis (figs 1] 
Figure 3 Four chamber view taken during early systole from patient 5 with an Considerable ventricular. hypoplas 
atrioventricular septal defect and separate right and left valve orifices. There was morphologically left ventricle (fig 
ventricular disproportion with hypoplasia of the morphologically left ventricle. The was shown in one patient and 
atrioventricular valves were inserted at the same level (arrows). No ventricular is | l 
component of the defect was visible. RV, right ventricle, LV, left ventricle. phologically right ventricle in ano 
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CORRELATION WITH ADDITIONAI 
INVESTIGATIONS 

Six of the 12 patients have underg 
tive surgery. One patient died 
postoperative period after correct 
A late death occurred in a patient 
plastic pulmonary arteries who 
palliative surgery. Two patients d 
operation being performed. Necrop 
performed on three of the four pat 
died. In all these cases, the accu 
findings at magnetic resonance imag 
confirmed. There were no 
agreements with the angiographic 
diographic findings (table). Magnet 
ance imaging was better than bot! 
diography and angiography at 
relative ventricular dimensions. In : 
hypoplasia of the morphological 
tricle, correctly predicted — witl 
resonance imaging, was not fully apy 
with either of the other imaging 
Echocardiographic and angiograph 
ment of the size of the ventricular 

the defect was made difficult in I 
because attachments of bridging leaf 
ventricular septum often obscures 
Magnetic resonance imaging 
showed the size of the defect in tl 
through use of the oblique coronal p 
imaged the ventricular septum fac 
netic resonance imaging, however 
good at identifying valvar leaflet: 
the bridging ones and was not able 

to show the distal insertion of th 
muscles. 


Discussion 
Magnetic resonance imaging 1s p 


suited to the examination of congeni 
malformations.*^ It is non-invasi 
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not require the use of ionising radiat 





Figure 4 (Above) Transverse plane giving a four chamber view showing ventricular appropriate imaging procedures, mo" 
disproportion with a hypoplastic morphologically ds js ventricle | -— in patient 12. does not produce any signal. Thi 

J^ are with figures 2 . (Below) Anatomical specimen from the same patient . E 
Compare with figures 2 and 3. (Below) Anatomical specime fre e sa aee high resolution images of vasculat 
showing hypoplastic morphologically right ventricle. RV, right ventricle; LV, left 

ventricle. can be achieved without the 
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agents. In addition, the image signal is not 
affected by the depth of structures within the 
thoracic cavity or by the presence of overlying 
bone or lung. 

Our study differs in several important 
aspects from some of the earlier investigations 
of patients with atrioventricular septal de- 
fects."^ First, because we used a magnet with a 
higher field strength we were able to study a 
group of much younger patients." This is 
important because many patients need correc- 
tive operation in infancy. Such patients do not 
always require invasive haemodynamic evalua- 
tion. Preoperative investigation is often limited 
to cross sectional echocardiography.’ Sec- 
ondly, we made full use of oblique imaging 
planes. This was not done in earlier studies, 
which were limited to using only standard 

orthogonal planes.’” Thirdly, we attempted to 
Figure 5 Section taken in a transverse imaging plane in patient 2 showing an atrial identify areas in which magnetic resonance 
septum with the characteristic “drum stick" appearance associated with this defect vs ria 
arrow). Note that the right atrium (RA) is larger than the left. imaging has advantages over existing imaging 
techniques and which can provide information 
of practical importance in construction of 
protocols for management. 

Although it is straightforward to diagnose 
atrioventricular septal defect with magnetic 
resonance imaging (predominantly from a four 
chamber view, where the septal deficiency is 
readily seen), this feature alone is unlikely to be 
of any great practical use because in most 
patients the diagnosis will already have been 
achieved non-invasively with cross sectional 
echocardiography. The importance of mag- 
netic resonance imaging, therefore, is likely to 
lie in the ability and accuracy in which it can 
identify anatomical features that are relevant to 
operation. It is often difficult to estimate with 
cross sectional echocardiography the size of the 
ventricular component of the defect, if present. 
In some cases, problems can arise in distingui- 
shing between an atrioventricular septal defect 
with common valvar orifice and a small ven- 
tricular component from a defect with separate 
Figure 6 Patient 7 had a common atrioventricular orifice with a ventricular orifices and no potential for ventricular shun- 


component. The size of the ventricular component, however, was not apparent from this -—T Rea TURN vus x k 
four chamber view because it was obscured by dense attachments of the bridging leaflets ung that is when dense attachments bet- 








to the crest of the ventricular septum (arrow ). ween the bridging leaflets and the crest of the 





Figure 7 (Left) Oblique coronal section showing the ventricular septum (VS) face on and the scooped out appearance of the ventricular component 
of the defect ( arrows) in patient 11. The inferior bridging leaflet was seen with attachments to the crest of the ventricular septum (single arrow). 
(Right) Anatomical specimen from the same patient. The ventricular component of the defect was seen (arrows) as well as bridging leaflets (BL) 
with attachments to the crest of the ventricular septum. . 
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Figure 8 (Left) Section in an oblique coronal imaging plane from a patient (case 6) with atrioventricular septal defect and common valvar orific 
The ventricular septum (VS) was shown face on and free floating bridging leaflets (large arrows) were seen with attachments to the right ventricular 
aspect of the ventricular septum (small arrows). (Right) Postmortem specimen from a different patient cut in the same plane, demonstrating t) 
anatomy shown in the magnetic resonance imaging section. SBL, superior bridging leaflet; IBL, inferior bridging leaflet; VS, ventricular septum 
AS, atrial septum. 





Figure 9 ( Left) Oblique coronal section from patient 5. The bridging leaflets (arrows) can be seen closely attached to the ventricular septur 
obliterating the ventricular component of the defect. Compare with figures 7 and 8. ( Right) Postmortem specimen from a different patient wn 
separate right and left atrioventricular valve orifices, cut in a similar plane to compare with the magnetic resonance imaging findings. J he bridging 
leaflets (arrows) are seen closely attached to the ventricular septum (VS). 


ventricular septum obscure the ventricular tricular septum with complete obliteration o! 
component of the defect. Invasive investiga- the ventricular component. In all patients 
tions may then be necessary to make a decision studied, magnetic resonance imaging was th 
on the timing of surgery.’ Even with angiogra- most accurate imaging technique for assessing 


phy, it can be difficult to differentiate between the presence and size of the ventricular com 
these defects." The oblique coronal plane, ponent of the defect. 

which images the ventricular septum face on, is Another strength of magnetic resonance 
unique to magnetic resonance imaging. Itisnot imaging is its ability to display cardiac stru 
possible with echocardiography or angiogra- tures in relation to the rest of the thoracic 
phy (which is an imaging technique using cavity. This allowed the chamber dimensions 
projections rather than sections). As we to be assessed immediately, enabling patient: 
showed, this view clearly outlined the compon- with atrial and, more importantly, ventriculas 
ent of the defect scooped from the ventricular disproportion to be identified. [his observa 


septum. It also shows both bridging leaflets tion is important because one determinant of 
and identifies the degree of their attachments to surgical risk is the presence of ventricular 
the scooped out septum. In our two patients hypoplasia.’ * Although this is relative 

with separate valvar orifices and no ventricular mon it may be difficult to detect with echocar 
component, it showed close approximation of diography™ and, indeed, angiography. as wa: 
the bridging leaflets to the crest of the ven- the case in one patient of our series. Because 
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Figure 10 ( Above 


orifice showing inferior bridging leaflet 





Transverse section from a patient with a common atrioventricular 


arrow) with attachments to the ventricular 


septum in patient 6. The ventricular component of the defect was not seen clearly. | 
Below) A more cramally directed section from the same patient. The superior bridging 


leaflet was free floating (arrow | 


and the ventricular component of the defect was visible. 





Figure 11 


Parsons, Baker, Anderson, et al 





Figure 12 An oblique sagittal section showing both 
ventricles in short axis ( patient 5). There was hypoplasia 
of the morphologically left ventricle. Compare with figure 
10. RV, right ventricle; LV, left ventricle. 


magnetic resonance imaging showed both ven- 
tricles in close relation to each other and in both 
Short and long axis views, ventricular hypo- 
plasia, when present, was more easily diag- 
nosed. 

In all of the patients who had corrective 
surgery or necropsy, the accuracy of the mag- 
netic resonance images was confirmed and, 
apart from the areas previously discussed, there 
was good correlation with echocardiographic 
and angiographic findings. We have, however, 
identified some potential weaknesses of mag- 
netic resonance imaging, including a failure to 
show clearly all leaflets of the atrioventricular 
valve and to show the insertions of their 
papillary muscles. Our current experience, 
therefore, suggests that magnetic resonance 
imaging can be of value in the management of 
patients with atrioventricular septal defects 
when cross sectional echocardiography is the 
only imaging technique used for evaluation 
before operation and where the cross sectional 
echocardiographic findings or the angiographic 
findings are in dispute. In such cases magnetic 


Left) Oblique sagittal plane showing both ventricles in short axis in patient 11. The characteristic 
superior-inferior relation of papillary muscles (arrows) associated with atrioventricular septal defect was visible within 
the morphologically left ventricle. RV, right ventricle. (Right) Anatomical specimen from this patient cut in a similar 
plane. The superior-inferior relation of the papillary muscles (arrows) was visible within the morphologically left 
ventricle. 


Morphological evaluation of atrioventricular septal defects by magnetic resonance imaging 











Patient details 
Case Valoar f ; 
No Age morphology Echo. Angio Surgery Necropsy MRI findings 
1 2wk . Common > +. + Agreed 
2: 2.wk Common Too Hd 4 y, ‘Agreed ^" ' 
3 14 mnth Common ' + + + Agreed — 
4 9 days Common +. o Agreed 
5 10 mnth Separate T + + Hypoplastic left 
6 4 mnth Common + + + Agreed 
7 14 mnth Common + + + Agreed 
.8 2 wk Common + Agreed 
9 18 moth Common + + Agreed 
10. 22mnth ‘Separate + + + Agreed - 
11. 6 wk Common + — Agreed 
12 - l wk ‚Common +° + Hypoplastic right 
MRI, magnetic resonance imaging. } - 


^ t ^ot 


resonance imaging - can complement mor- 
phological information obtained earlier and s0 
improve diagnostic accuracy.. P 


ds md HE ec. pe fuus h Levy 


^'^  * Foundation, Sir and Lady Harris, the Special Trust 
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An association between left axis deviation and an 
aneurysmal defect in children with a 
perimembranous ventricular septal defect 


Odette Farri-Albohaire, Ghislaine Arcil, Ignacio Hernández 


Abstract 

Conspicuous left axis deviation was 
found in two thirds (27 patients) of 44 
children with a perimembranous ven- 
tricular septa] defect, echocardiographic 
signs of apposition of the septal tricuspid 
valve leaflet, and an aneurysm of the 
membranous septum. In 10 patients 
earlier electrocardiograms did not show 
left axis deviation; this feature appeared 
when the aneurysm of the membranous 
septum was first seen on the echocar- 
diogram. None of the 44 controls with 
perimembranous ventricular septal 
defect but without an aneurysm had left 
axis deviation. 

This study suggests that the appear- 
ances of conspicuous left axis deviation 
in a patient with ventricular septal 
defect indicate a spontaneous reduction 
in the defect by apposition of the septal 
tricuspid valve leaflet and by the forma- 
tion of an aneurysm of the membranous 
septum. 


Extreme left axis electrocardiographic devia- 
tion is uncommon in children and is generally 
associated with complex congenital heart dis- 
ease. We noticed that children with an isolated 
perimembranous ventricular septal defect and 
echocardiographic signs of a reduction in the 
size of the defect by the apposition of the 
septal tricuspid valve leaflet and the formation 
of an aneurysm often also had left axis devia- 
tion. 


Patients and methods 
We studied 44 patients, chosen at random, in 
whom cross sectional  echocardiography 
showed a perimembranous ventricular septal 
defect that was partially closed by apposition 
of the septal tricuspid valve leaflet and an 
aneurysm of the membranous septum. We 
also studied 44 patients in whom cross sec- 
tional echocardiography showed a small to 
moderate perimembranous ventricular septal 
defect without apposition of the septal tricus- 
pid valve leaflet or an aneurysm. They too 
were also chosen at random from those in 
whom echocardiography showed the relevant 
signs. We excluded patients with Down's syn- 
drome or any other syndromes and children 
with other associated congenital heart dis- 
eases. 

All three of us analysed the standard 


electrocardiograms of the 88 patients by cal- 
culating the QRS axis in the frontal plane and 
other characteristics of the tracings. We used 
Student's ¢ test and the x? test for statistical 
analysis. A QRS axis > —30° was regarded as 
left axis deviation.’ 


Results 

The mean age of patients with an aneurysm of 
the membranous septum was 3 years (range 1 
month to 15 years) and in those without it was 
2 years (range 1 month to 15 years). The table 
summarises the electrocardiographic findings 
in both study groups. Twenty seven (61%) of 
the 44 patients with an aneurysm of the mem- 
branous septum had conspicuous left axis 
deviation (fig 1). In the remaining 17 patients 
the QRS axis was more positive than 0° (mean 
+60-5°). None of the patients without an 
aneurysm of the membranous septum had left 
axis deviation. This difference was highly sig- 
nificant by both statistical tests: t = 15-28, 
p < 0-001; y? = 40-25, p < 0-001. The mean 
age at which the left axis deviation appeared 
or was detected in the 27 children with an 
aneurysm of the membranous septum was 2 
years—70% were <2 years old, and 50% 
were «7 months old. Most of the patients in 
both study groups did not show electrocar- 
diographic evidence of ventricular enlarge- 
ment; a few showed slight to moderate left 
ventricular or biventricular enlargement. 

Fifteen (34%) of the 44 patients with an 
aneurysm of the membranous septum had an 
incomplete right bundle branch block com- 
pared with only three (7%) patients from the 
group without an aneurysm: y? = 10-6, 
p = 0-001. Thirteen of the 27 patients with 
left axis deviation also had an associated right 
bundle branch block (fig 2). So half those with 
a left axis deviation also had a right bundle 
branch block. 

In 10 of the 27 patients with: left axis 
deviation (fig 3A) earlier electrocardiograms 
had not shown this feature. The appearance of 
this extreme left axis deviation coincided with 
clinical evidence that the defect had become 
smaller and echocardiographic demonstration 
of apposition of the septal tricuspid valve 
leaflet and an aneurysm of the membranous 
septum (fig 3B). (In five of the 10 patients left 
axis deviation and right bundle branch block 
occurred simultaneously.) The remaining 17 
patients had left axis deviation at presentation. 

Only seven patients with an aneurysm of 
the membranous septum were studied by 


Left axis deviation in ventricular septal defect 


Electrocardiographic findings in patients with ventricular septal defect 
a 


With AMS (44) n (*5) Without AMS (44) n (%) 


E M a Ó—————— 


QRS axis: 
-30 to —90 27 (614 0 (0)* 
More positive than 0 17 (38:6) 44 (100) 
Mean + 60:5 + 71-3 
Chamber enlargement: 
None 25 (56-8) 26 (59:0) 
Slight LVE 11 (25:0) 9 (20-5) 
Moderate LVE 2 (46) 3 6-8) 
Considerable LVE 0 (0) l (2-3) 
Biventricular 6 (13-6) 5 (11:4) 
Incomplete RBBB 15 (34:0) 3  (68)f 
Left axis deviation and incomplete 
RBBB 13 (48:0) 0 (0) 





*p < 0-001. fp = 0:001. 
AMS, aneurysm of the membranous septum; RBBB, right bundle branch block; LVE, left 
ventricular enlargement. 


Figure 1 Cross sectional 
echocardiogram ( apical 
four chamber view) and 
electrocardiogram showing 
perimembranous 
ventricular septal defect 
and aneurysm of the 
membranous septum. The 
electrocardiogram shows 
left axis deviation. RV, 
right ventricle; LV, left 
ventricle; RA, right 
atrium; LA, left atrium. 


Figure 2 Cross sectional 
echocardiogram ( apical 
four chamber view) and 
electrocardiogram showing 
ventricular septal defect 
and aneurysm of the 
membranous septum 
(arrow). The 
electrocardiogram shows 
left axis deviation and 
incomplete right bundle 
branch block. RV , right 
ventricle; LV, left 
ventricle; RA, right 
atrium; LA, left atrium; 
AD, aneurysmal defect. 





4 


cross sectional and Doppler echoca 


and all of them had slight to moderat 


cuspid insufficiency (fig 4) 


Discussion 
Spontaneous closure of membranous 


LI11IU 


ular septal defects was reported in betv 


and 80°% of patients.^* Apposition : 


tricuspid valve leaflet and an aneurysn 


membranous septum have been suggeste 
important mechanisms reducing the siz 


^ | 


ventricular septal defect." In 195 


showed angiocardiographically that apy 


of the septal tricuspid valve leafiet 


aneurysm of the membranous septum 


related to the spontaneous closure 


totnm m. 
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> e 


tricular septal defect.’ Since then many 
have indicated that the developmen 
aneurysm of the membranous septun 


only a common and benign finding i1 


with ventricular septal defect but also th: 


+ s 
| th 
i LJ 


appearance usually predicts a reductio! 
even spontaneous closure of the ver 


septal defect.^"" Such features are commo 


patients with small ventricular septa! 
In the study on the course of aneurysms 


membranous septum by Freedom e! 
the patients with small 
defect, who had a pulmonary-to 


blood flow ratio of < 2, had an aneurysm of ! 
membranous septum.” Nugent ef al studi 


patients with ventricular septal de 


CU j i 


found an aneurysm at angiography in 
them at 5-6 years of age and in 61”, at 


of age." 
Beerman et al found that 45°, o! 
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with ventricular septal defect and an aneu! 
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of the membranous septum improved 


median follow up of 8:6 years (range 


Only 5% had spontaneous closure 
defect." 

The only documented mode of ciosu 
more common defects of the me 


septum is the adherence of the media 
the tricuspid valve to the defect. 
Backman studied the QRS 
patients with ventricular septal 
found that the average QRS axis wa 
10:19% of them had an obvious or 
deviation, 30^.' Extreme left ax 
was found in 1:4% 
children. "^ 
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Bäckman pointed out that left axıs d 
was more common when the ventricula 
defect lay beneath the septal leafie 


tricuspid valve. Nevertheless, hi 


COT 


that it is not possible to establish the sit 
defect by electrocardiographic recording 


In our series the association be 
electrical axis deviation and a ventric 
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defect beneath the septal leaflet of the tr 
valve was clearly due not only to the an 


site of the defect but also to the adher: 


septal tricuspid valve leaflet which rec 


size of the ventricular septal detect 


gestion is supported by the fact that 


left axis deviation was a new finding ! 
27 patients. 
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Figure 3 Cross sectional echocardiogram and electrocardiogram. (A) When the patient was three months old the echocardiogram ( four chamber 
view) showea a small to moderate perimembranous ventricular septal defect (arrow) without an aneurysm of the membranous septum. There was no 
left axis deviation or right bundle branch block on the electrocardiogram. ( B) When the patient was five years old the echocardiogram ( four chamber 


view and short axis 


ventricle; LV, left ventricle; RA, right atrium; I 


valve. 


significantly influence the QRS axis. But the 
extreme left ORS axis deviation in our patients 
cannot be attributed to a great left ventricular 
enlargement because most of these patients had 
normal electrocardiograms and few showed 
only a slight or moderate left ventricular en- 
largement. Also one of our patients had band- 
ing of the pulmonary artery in infancy because 
of a large ventricular septal defect and heart 
failure. Some years later angiography showed 
spontaneous closure of the ventricular septal 
defect (fig 5) with an aneurysm of the mem- 
branous septum and systemic pressure in the 
right ventricle. The electrocardiogram showed 


showed an aneurysmal defect (arrow) and the electrocardiogram left axis deviation and a right bundle branch block. RV , right 
JA, left atrium; VSD, ventricular septal defect; AD, aneurysmal defect; AO, aorta; T, tricuspid 


right ventricular hypertrophy and left axis 
deviation. 

Since the case described by Laennec in 1826, 
(cited by Freedom er al, there have been 
many reports of aneurysms of the membranous 
septum, "" and the association with many 
congenital cardiac anomalies, arrhythmias,'*”° 
and conduction defects has been establi- 
shed.'* ^?! But an association with an extreme 
left axis deviation has not been mentioned. 

Freedom et a/ did not find features in the 
electrocardiogram that distinguished between 
ventricular septal defect with an associated 
aneurysm of the membranous septum (seen 
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Figure 4 Cross sectional 
and Doppler ’ , x : " : FR ." ? 3 N 
echocardiograms in a i s E T 
patient with a 
perimembranous 
ventricular septal defect, 
aneurysmal defect and left 
axts deviation. There was 
mild to moderate tricuspid 
insufficiency. RV, right 
ventricle; LV, left 
ventricle; RA, right 
atrium; LA, left atrium. 
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Figure 5 Lateral right 
ventricular angiogram and 
electrocardiogram showing 
the aneurysmal pouch 
protruding into the left 
ventricle without shunting 
(solid arrow )—contrast 
medium did not enter the 
left ventricle—and tight 
banding of the pulmonary 
artery (open arrow). The 
electrocardiogram showed 
left axis deviation and 
right ventricular overload. 


b 





angiocardiographically) and an isolated mem- apical four chamber views were the most h 
branous defect. Only four (7%) of their 56 ful in visualising the area of the membrano 
patients had a frontal plane axis of —15° to septum. An aneurysm of the membrano 
— 60°; two of them had an aneurysm.’ septum is often found at echocardiography 

So far angiocardiography has been the only patients with a perimembranous ventricular 
means of diagnosing aneurysms of the mem- septal defect but the high frequency of 
branous septum.” But patients with small extreme deviation of the left axis in our patients 
ventricular septal defect do not generally need is surprising. We believe that spontaneous 
angiocardiography and should be managed closure of ventricular septal defect ca: 
clinically. The incidence of such aneurysms of anticipated if the defect becomes smaller an 
the membranous septum is therefore unknown, left axis deviation appears. 
though it was thought to be high." ° ? We think that far from being an indicati 

Today the non-invasive technique of echo- for invasive studies the development of left 
cardiography can easily confirm the presence of deviation in patients with small ventricular 
aneurysms of the membranous septum as- septal defects forecasts the spontaneous re 
sociated with perimembranous ventricuar tion of the defect by apposition of the septa 
septal defects and follow them through the tricuspid valve leafiet and by an aneurysn 
years.” ™ We found that the short axis and the membranous septum. Such patient 
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need careful clinical management even if the 


.venticular septal defect is large and: seems to 
- need surgical closure. 


Backman found that 7:8% of his patients 
with left axis deviation also had incomplete 


right bundle branch block.’ We found that half 


of our patients with left axis deviation also had 
right bundle branch block: : i 

There have been several reviews of. the 
anatomical relation of aneurysms of the mem- 
branous septum to the tricuspid valve." ^^ 
They suggested that dysfunction of the tricus- 


pid valve was likely because it was affected by 


the aneurysm of the membranous septum. 


Freedom et al reported angiographc evidence 
of tricuspid insufficiency in four patients with 
aneurysms of membranous septum. They also 
suggested that an aneurysm can cause tricuspid 
insufficiency, perhaps by deforming the 
overlying septal leaflet. Others reported the 
same association.” %7 This dysfunction may 


, explain the tricuspid insufficiency found in all 


seven patients that we studied by Doppler 


echocardiography. 
At auscultation tricuspid valve dysfunction ` 


may be masked by the features of the associated 
ventricular septal defect. | 

, The apposition of the septal tricuspid valve 
leaflet and the aneurysm of the membranous 
septum that we found in two thirds of patients 
aged under two years accords with the clinical 


. observation that most of the ventricular septal 


defects that become smaller or close sponta- 
neously do so before the patient reaches the age 
of two.?$? Freedom et al pointed out that 


‘aneurysms are not unique, as was thought, to 


children aged more than two; they found 
clinical, angiographic, and anatomical evidence 


of this feature in infants.° 


We still do not know the anatomical basis for 
the development of extreme left axis deviation 


when the septal tricuspid valve leaflet adheres - 
to the rim of the septal defect and whether this - 


deviation is transient or permianent. 
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Use of balloon dilatation to treat supravalvar 
pulmonary stenosis developing after anatomical 
correction for complete transposition 


Anita Saxena, Lance V Fong, Bruce C Ogilvie, Barry R Keeton 


Abstract 

Eight. balloon dilatations were per- 
formed in five patients (aged from 10 to 
37 months) in whom supravalvar pul- 
monary stenosis developed after ana- 
tomical correction for complete trans- 
position. The ratio of the maximum 


. diameter of the inflated balloon to the 


narrowest pulmonary arterial diameter 
varied from 1:6 to 3:3. In three patients 
with an initial ratio of «2 dilatation was 
repeated with a larger balloon. The right 
ventricular systolic pressure ranged 
from 0-70 to 1:25 of the simultaneously 
measured femoral arterial systolic pres- 
sure. The major stenosis was in the main 
pulmonary artery in four patients and at 
the pulmonary arterial bifurcation in 
one. After balloon angioplasty in the four 


' patients there was no significant im- 


provement in the ratio of right ven- 
tricular to femoral arterial systolic pres- 


sure or.in the angiographic appearance. 


There.was no change in the pressure: 
ratio after angioplasty in the patient who ` 


had a major stenosis of the pulmonary 
arterial bifurcation and mild main pul- 
monary artery narrowing. There seemed 
to be a slight angiographic improvement 
in the bifurcation stenosis but.at restudy 
two months later the angiographic im- 
provement had disappeared. 

Balloon angioplasty of supravalvar 
pulmonary .stenosis developing after 
anatomical -correction for complete 
transposition was not successful in eight 
procedures. This lack of success may be 
attributable to a small pulmonary an- 


.nulus with consequent multiple levels of 


stenosis and distortion of the main pul- 
monary artery. 


Over the past few years balloon dilatation 
procedures have been increasingly used to 
treat various congenital heart defects. When 
they are successful major cardiac operation 
can be avoided or delayed. Balloon dilatation 
is now an established treatment for certain 
defects such as pulmonary valve stenosis or 
recoarctation. Its value in other conditions 
such as native coarctation or. pulmonary vein 
stenosis remains controversial.’ We performed 
balloon dilatation in five patients in whom 
supravalvar pulmonary stenosis developed 
after anatomical correction. for complete 
transposition of the great arteries. 


. tomosis in two patients. 


Patients and methods 

Balloon dilatation of supravalvar pulmonary 
stenosis after the anatomical correction for 
complete transposition was attempted in eight 
patents. In three patients it could not be 
successfully undertaken because the stenotic 
segment could not be crossed with the 
balloon. Two of these patients had bilateral 
ileofemoral venous thrombosis, and successful 
balloon catheter manipulation could not be 
achieved from the internal jugular vein. The 
remaining five patients underwent balloon 
dilatation. In three of the five patients the 
dilatation was later repeated with a larger 
balloon; there were eight dilatation pro- 
cedures in total. 

The five patients were boys who were aged 
10 to 37 months (median 15 months) at the 
time of balloon dilatation. Anatomical cor- 
rection for complete transposition had been 
performed 7-17 days after birth. During 
operation autologous pericardium was used to 
augment the new pulmonary artery anas- 
Preserved bovine 
pericardium was used in the other three 
patients. There were no other cardiac abnor- 
malities except a small mid-muscular ven- 
tricular septal defect in one patient. This was 
closed at surgical correction. 

Each patient had clinical, electrocardiogra- 
phic, and echocardiograpbic findings typical 
of considerable supravalvar pulmonary sten- 
osis. Cardiac catheterisation was performed 
under general anaesthesia. A decision to 
undertake balloon angioplasty was made if (a) 
the right ventricular systolic pressure ex- 
ceeded 66% of the femoral arterial systolic 


.pressure and (b) angiography showed a con- 


siderably narrowed segment in the supra- 
valvar region of the right ventricular outflow 
tract. 

The internal diameters of the narrowest 
segment and the pulmonary annulus were 
measured from selected right ventricular 
angiographic images. These measurements 
were taken from cinevideo images and cor- 
rected for magnification with a l cm grid 
recorded in the approximate position of the 
patient’s right ventricular outflow tract. A 
balloon diameter of 2—3 times the diameter of 
the narrowest segment and not exceeding 1:3 
times the pulmonary annulus diameter was 
chosen. The stenotic segment was crossed 
initially with an end hole catheter and a J tip 
Teflon coated exchange guide wire positioned 
in a peripheral pulmonary artery. À balloon 
angioplasty catheter (Medi-tech, Mansfield 
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Figure 1 Anteroposterior 
and lateral views of a right 
ventriculogram showing 
supravalvar pulmonary 
stenosis with hypoplasia of 
the pulmonary trunk 

arrows) before (A) and 
after ( B) balloon 
dilatation. 
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Table 1 Data from cardiac catheterisation and angiocardiography 








Age at Major PV annulus Narrowest Balloon Ratio of balloon to 
Patients dilatation (mnth) stenosis diameter (mm) diameter {mm ) diameter (mm ) narrowest diameter 
la 19 MPA 9.5 5:0 8 1-6 
b 22 MPA 9-8 5:5 12 2:2 
2a 12 MPA 9-0 40 7 1-7 
b 15 MPA 9-0 4-4 10 2:3 
3 37 MPA 11:5 7-0 13 1-8 
4 10 MPA 9-0 6:0 12 2:0 
5a 10 LPA 11-0 3-0 6 2:0 
RPA 4:8 
b 12 LPA 11-0 3-0 10 33 
RPA 5:0 





LPA, left pulmonary artery; MPA, main pulmonary artery; PV, pulmonary valve; RPA, right pulmonary artery. 


Table 2 Results of balloon dilatation 





Before dilatation After dilatation 
RV/FA PA to RV Narrowest RV/FA PA to RV Narrowest 
Patient pressure ratio gradient (mm Hg) diameter ( mm) pressure ratio gradient (mm Hg) diameter ( mm) 
la 0-70 50 5-0 0-80 50 50 
b 0-85 60 5:5 0-95 60 5.5 
2a 1:25 RO 40 1:15 70 40 
b 0-90 60 44 0-90 55 44 
3 0-70 55 7-0 0-70 50 72 
4 0-70 38 6:0 0-80 40 60 
5a 0-95 70 3:0 (LPA) 0:90 70 35 (LPA) 
48 (RPA) 48 (RPA) 
b 0-90 65 30 (LPA) 1:10 70 30 (LPA) 
5:0 (RPA) 52 (RPA) 





FA, femoral artery; LPA, left pulmonary artery; PA, pulmonary artery; RPA, right pulmonary artery; RV, right ventricle. 
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Figure 2. Anteroposterior 
and lateral views of a right 
ventriculogram showing 
bifurcation stenosis, a 
particularly severe stenosis 
at the origin of the left 
pulmonary artery (small 
arrow), and mild 
supravalvar pulmonary 
stenosis ( big arrow) before 
(A) and after | B) balloon 
dilatation. 


Scientific or Schneider Medintag) was guided 
across the stenotic segment. The balloon was 
inflated with one quarter strength contrast 
solution at the manufacturer’s recommended 
pressure (usually 4-6 atmospheres) by a 
SciMed inflation device. It was inflated for 15 
to 30 seconds under electrocardiographic and 
femoral arterial pressure monitoring and four 
dilatations were performed at each stenotic 
site. Only one patient required dilatation at 
two sites of narrowing (table 1). 

After balloon dilatation repeat right ven- 
tricular and femoral arterial systolic pressures 
were recorded simultaneously. A right ven- 
triculogram was obtained under the same con- 
ditions as the predilatation angiogram. The 
angioplasty was regarded as successful if (a) 
there was a fall in right ventricular systolic 
pressure to <50°,, of femoral arterial systolic 
pressure or (6) there was an improvement of 
>50°,, in the measured diameter of the nar- 
rowest segment on angiography or both. The 
angioplasty was also considered successful if 
these criteria were fulfilled on a follow up 
cardiac catheterisation, which was undertaken 
in three patients. 


Results 

All patients had moderate to severe supravalvar 
pulmonary stenosis on cardiac catheterisation. 
The right ventricular systolic pressure before 
dilatation ranged from 50 to 95 mm Hg and this 
was 70-125°,, of the simultaneous femoral 
arterial systolic pressure. The pulmonary 





arterial pressure beyond the stenotic segment 
was normal in all patients. The subsequent 
gradient across the right ventricular outflow 
tract obstruction varied from 38 to 80 mm Hg 
and was not reduced by dilatation (table 2 

In four patients the anastomotic segment was 
stenosed in the main pulmonary artery close to 
the pulmonary valve and in two it restricted the 
pulmonary valvar leaflets. This stenotic seg- 
ment was not discrete and the distal main 
pulmonary artery also showed varving degrees 
of tubular hypoplasia. Therefore the diameter 
of the normal portion of the pulmonary artery 
distal to the site of obstruction could not be 
determined. In the fifth patient there was a 
slight stenosis in the main pulmonary artery 
but the origins of both the right and left 
pulmonary arteries were severely narrowed 
Distal to the mild narrowing in the main 
pulmonary artery the pulmonary artery was 
11:5 mm in diameter. The diameters of the left 
pulmonary artery and right pulmonary artery 
distal to severe bifurcation stenosis were 8 and 
8:2 mm respectively. 

Although the ratio of the selected balloon 
diameter to the diameter of the narrowest 
segment measured on cinevideo images at car- 
diac catheterisation was 2-0-3-0, remeasure- 
ment of the processed cineangiogram showed a 
ratio of 1-6-3-3 (median 2-0) (table 1). Three 
patients with ratios of 1:6, 1-7, and 2 0 at initial 
angioplasty underwent repeat dilatation at a 
later date with a balloon with a larger diameter 
There was a long segment indentation in the 
balloon outline on inflation. This disappeared 
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on full inflation but recurred on deflation. 

Table 2 summarises the results of balloon 
dilatation. The ratio of right ventricular to 
femoral arterial systolic pressure did not 
change significantly in any of the eight pro- 
cedures. Three patients (cases 1, 2, and 5) were 
restudied 2-3 months later. In two there was no 
improvement in the pressure (patients 1 and 5). 
Repeat angioplasty with a larger balloon was 
also unsuccessful. The third patient had a 
minor improvement in the ratio (1:25 to 0:90) at 
restudy but this did not meet the criteria for 
successful angioplasty. A repeat dilatation with 
a larger balloon did not produce any further 
improvement. There was no angiographic im- 
provement in the stenotic segment in four of 
the five patients (fig 1). 

In the fifth patient with a predominant 
bifurcation stenosis there was no haemo- 
dynamic change but the angiogram seemed to 
show a slight improvement in the stenosis at the 
origin of the left pulmonary artery (fig 2). This 
diameter incteased from 3-0 to 3:5 mm but on 
restudy two months later it méasured 3-0 mm. 
A second dilatation with a larger balloon 
produced no haemodynamic or angiographic 
improvement. At surgical repair in this patient, 
tissue from the wall of the bifurcation stenosis 
showed extensive adventitial fibrosis with some 
disorganisation of elastic lamellae but intact 
intimal and serosal layers. This suggests that 
the balloon stretched the stenosis but did not 
disrupt it. 

There were no complications in the eight 
procedures. Transient hypotension, brady- 
cardia, and electrographic ST segment changes 
were often seen during balloon inflation. 

Surgical relief of the supravalvar stenosis 
with patch insertion into the stenotic regions 
was later successful in patients 1 and 5. The 
other three patients continue to show appre- 
ciable obstruction of the ventricular outflow 
tract (echocardiographic Doppler gradients 
40—60 mm Hg). 


Discussion 
Development of supravalvar pulmonary 
stenosis is the most common important com- 
plication after anatomical correction for com- 
plete transposition.^? Published reports des- 
cribe successful surgical relief of the supra- 
valvar obstruction in most patients. Balloon 
angioplasty for this lesion has been reported in 
five patients with success in only one patient’; 
also three patients later required operation. 
Balloon angioplasty has been successfully 
used to dilatate vascular obstructions. Intimal 
and medial disruption was shown on histo- 
logical examination in successful experimental 
dilatation of aortic coarctation in lambs. Good 
results from balloon dilatation were reported in 
human postoperative aortic coarctation and 
pulmonary artery stenosis." We performed 
balloon angioplasty in five patients with ap- 
preciable supravalvar pulmonary stenosis after 
anatomical correction for complete transposi- 
tion. One patient (case 5) had major stenosis at 
the pulmonary arterial bifurcation and differed 
from the others. The bifurcation stenosis may 
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occur as a result of the distortion of the 
pulmonary arterial bifurcation when the cen- 
tral pulmonary arteries are mobilised for re- 
anastomosis at anatomical correction. It is less 
likely to be relieved by balloon angioplasty.‘ 

The failure of balloon angioplasty to relieve 
supravalvar pulmonary stenosis in any of our 
patients indicates an intrinsic difference be- 
tween this abnormality and the other obstruc- 
tions of aortic recoarctation and pulmonary 
artery stenosis. The difference could be related 
to the nature of the pericardial patch inserted in 
the new pulmonary artery after coronary ex- 
cision. Tanned pericardium retracts producing 
supravalvar stenosis; some thought that the use 
of autologous pericardium would avoid this 
complication. Autologous pericardium was 
used in two of the five patients in our series 
with supravalvar stenosis. Balloon dilatation 
was unsuccessful in these patients too. 

In children with normal vessels the dia- 
meters of the pulmonary trunk and pulmonary 
annulus are greater than the diameter of the 
ascending aorta.’ This discrepancy is greater in 
infants with complete transposition. The dif- 
ference has been implicated in the development 
of supravalvar pulmonary stenosis after the 
anatomical correction." The new pulmonary 
trunk and annulus are smaller and when there is 
also stenosis at the site of anastomosis and 
coronary excision, their size may contribute to 
the development of a hypoplastic segment in 
the supravalvar area rather than a discrete 
stenosis. This hypoplastic segment is less likely 
to be amenable to balloon angioplasty than a 
discrete stenosis. 

In most patients with supravalvar stenosis 
after anatomical correction the stenotic seg- 
ment lies close to the pulmonary valve. The 
diameter of the pulmonary annulus is therefore 
an important factor in the selection of the 
balloon because an oversized balloon may 
damage the pulmonary valve. Because the 
balloon lies across the pulmonary valve during 
dilatation it is difficult to keep it inflated for 
long periods without causing considerable 
haemodynamic deterioration, whereas in the 
peripheral pulmonary artery stenosis a balloon 
can be inflated for minutes. 

Balloon angioplasty was not successful in any 
of the eight dilatation procedures attempted on 
five patients with supravalvar pulmonary 
stenosis developing after anatomical correction 
for complete transposition. These results were 
obtained despite the use of what we believed to 
be balloons of appropriate sizes (that is, com- 
pared with the size of the pulmonary valve 
annulus and the narrowest segment). Over- 
sized balloons increase risk and there is little 
evidence that they are any more successful, 
particularly when this condition may be caused 
by multiple grades of stenosis within the same 
segment of vessel. 
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Idiopathic infantile arterial calcification in two 


siblings: failure of treatment with diphosphonate 


Graham Stuart, Christopher Wren, Hugh Bain 


Abstract 
Two siblings with idiopathic infantile 
arterial calcification are reported. The 


‘fetal and postnatal echocardiographic 


features were a large pericardial 
effusion, thickened pulmonary and 
aortic valves, poor pulsation of the 
descending aorta, and calcification of the 
great vessels. In one patient calcification 
was first detected at 33 weeks’ gestation. 
Despite treatment with disodium 
etidronate both children died. 


Idiopathic infantile arterial calcification is a 
rare congenital disorder that is usually fatal in 
the first six months of life. It is characterised 
by widespread fibrous proliferation in elastic 
and muscular arteries and is associated with 
areas of patchy calcification of elastic tissue. 
Myocardial ischaemia resulting in refractory 
cardiac failure is the usual cause of death. We 
report two siblings with this disorder; in one 
the diagnosis was made by fetal echo- 
cardiography. Both children died despite 
treatment with diphosphonate. 


Case reports 

PATIENT 1 

This was the first child of unrelated teenage 
parents. The pregnancy was complicated by 
hydramnios and hypertension at 34 weeks. 
Spontaneous labour developed at 35 weeks 
and despite intravenous salbutamol a 2580 g 
girl was delivered vaginally one week later. 
Within a few hours she became tachypnoeic 
and required oxygen for cyanosis. On exam- 
ination she had biventricular hypertrophy, 
heart sounds were single, and there was a 
grade 2/6 pulmonary ejection murmur. Only 
the femoral and axillary pulses were palpable 
and examination of the abdomen showed firm 
4 cm hepatomegaly and 3 cm splenomegaly. 
The chest x ray showed cardiomegaly with 
normal pulmonary vascularity and the elec- 
trocardiogram was normal. À cross sectional 
echocardiogram showed normal cardiac con- 
nections with a large pericardial effusion and 
dense echoes reflected from the pulmonary 
and aortic valves. In addition, echocardio- 
graphic examination of the descending aorta 


‘showed very poor vessel pulsation. At cardiac 


catheterisation there was pulmonary hyper- 
tension but no stenosis of the pulmonary or 
aortic valves. When pulmonary artery calcifi- 
cation was seen on fluoroscopy the chest x ray 


was reviewed and linear calcification was 
detected in both axillary arteries and the 
descending aorta. A biopsy specimen of the 
posterior tibial artery showed calcium deposi- 
tion within the internal elastic lamina and 
confirmed the diagnosis of idiopathic infantile 
arterial calcification. Further investigation 
showed a low plasma concentration of pyro- 
phosphate (0-6 umol/1 (normal range in adults 
1-6  umol/)) but other investigations 
including blood film; thyroid function tests; 
serum immunoglobulins; autoantibodies; 
TORCH (toxoplasma, rubella, cytomegalo- 
virus, and herpes virus) screen; serum para- 
thormone; plasma calcium, phosphate and 
magnesium; serum alkaline phosphatase; 
plasma cholesterol and triglycerides; liver 
function tests; urine aminoacids, muco- 
polysaccharides, and excretion of calcium and 
hydroxyprolene were all normal. Over the 
next 48 hours the infant required an exchange 
transfusion for haemolytic jaundice though 
there was no evidence of blood group in- 
compatability or sepsis. After this, treatment 
with chlorothiazide and spironolactone was 
started and her cardiac failure and hepato- 
splenomegaly gradually regressed. Then 
treatment with disodium etidronate (20 mg 
three times a day) was started, and by four 
weeks of age her hepatosplenomegaly had 
resolved and she was gaining weight. At six 
weeks the dose of disodium etidronate was 
reduced to 11 mg three times a day and 
treatment with diuretics was stopped. 

At 11 weeks she presented with screaming 
episodes (probably angina pectoris) and acute 
heart failure with electrocardiographic evi- 
dence of inferolateral myocardial ischaemia. 
Shortly after admission she suffered a cardiac 
arrest and resuscitation was unsuccessful. At 
necropsy the coronary arteries were grossly 
narrowed by widespread endarteritis and 
there was extensive calcium deposition be- 
tween the muscular and subintimal layers. 


PATIENT 2 

Five years later the mother again became 
pregnant. Serial fetal echocardiography 
showed the development of a pericardial 
effusion and calcification of the great vessels 
by 33 weeks’ gestation (fig 1). In view of the 
developing calcification and hydramnios, 
labour was induced at 35 weeks. When fetal 
distress developed an emergency caesarean 
section was carried out and a male infant 
(2680 g) was delivered. On examination both 
radial pulses were absent and the child was 
tachypnoeic. Chest and abdominal x rays 
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Figure 1 Fetal echocardiograms in patient 2 showing ( A) calcification (Ca) of the ascending aorta and a pericardial effusion (PE). LI 
ventricle. (B) There was calcification of the aortic arch, descending aorta ( Desc aorta), and right pulmonary artery (RPA 





Figure 2. Echocardiogram at one day of age in patient 2 showing ( A) calcification ( Ca) of the aorta and right pulmonary artery (RPA 
pericardial effusion (PE). LV, left ventricle. (B) There was prominent calcification of the aortic arch, right pulmonary artery (RP 
artery (IA), left carotid artery (LCA), and left subclavian artery | LSA). 
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confirmed the presence of widespread arterial 
calcification. Cross sectional echocardio- 
graphy showed that the heart was structurally 
normal but prominent calcification of the 
aorta and proximal pulmonary arteries was 
evident (fig 2). Further investigations includ- 
ing cranial ultrasound, plasma calcium and 
phosphate, serum alkaline phosphatase, serum 
creatinine, plasma electrolytes, serum 
albumin, and urine calcium and phosphate 
were normal. Treatment with disodium 
etidronate (20 mg three times a day), spiro- 
nolactone, chlorothiazide, and digoxin was 
started. A thoracic computerised tomographic 
scan at three weeks showed calcification in 
both the thoracic and descending aorta. Five 
weeks later the child was readmitted in cardiac 
failure with clinical angina. There was elec- 
trocardiographic evidence of left ventricular 
hypertrophy with anterolateral ischaemia and 
despite treatment with glyceryl trinitrate and 
morphine his condition deteriorated. He died 
five days later. Permission for necropsy was 
refused. 


Discussion 
Idiopathic infantile arterial calcification is very 
rare. Its incidence is unknown but over 100 
cases have been reported. Symptoms usually 
develop in the first few months of life although 
a few cases present in childhood or adoles- 
cence.'* The sexes are equally represented and 
though it is not uncommon for siblings to be 
affected’* the karyotype is usually normal. An 
autosomal recessive inheritance has been 
postulated.’ ’ Presentation in preterm infants is 
associated with a higher incidence of aortic 
calcification and a more severe form of the 
disease.’ ° 

Our patients presented with the typical non- 
specific features of poor feeding, cyanosis, 
heart failure, lethargy, and respiratory distress. 
Clinical examination is often not helpful and 
the diagnosis 1s usually made by the recognition 
of arterial calcification on chest and abdominal 
x rays.’ Soft tissue calcification (especially 
periarticular) is often an associated feature.’ ® 
Peripheral pulses may be normal, absent, or 
weak and hypertension may be present." The 
electrocardiogram is often normal but may 
show signs of left ventricular hypertrophy or 
myocardial ischaemia." '! At cardiac catheteri- 
sation evidence of stiffness in the pulmonary 
and systemic artery walls, a low diastolic 
pressure, and a wide pulse pressure have been 
reported." Aortography may show coronary 
artery occlusion or stenosis." In many cases, 
however, the diagnosis is not made until after 
death. * The  histopathological features 
include intimal fibrous proliferation in elastic 
and muscular arteries with elastic tissue 
degeneration and secondary calcification.” 
This intimal proliferation is thought to be 
the fundamental pathological change and 
Witzleben has suggested that ‘“‘occlusive 
infantile arteriopathy" is a more appropriate 
term for the condition."! 

Biochemical investigations are usually 
normal and there is no identifiable abnormality 
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of calcium metabolism. In patient 1 the plasma 
concentration of pyrophosphate was lower than 
the normal adult range. Pyrophosphate is a 
potent inhibitor of calcification and it 1s 
possible that idiopathic infantile calcification is 
due to a deficiency of pyrophosphate. An 
alternative explanation is that the low pyro- 
phosphate concentration is a secondary event 
related to calcium deposition. Others suggested 
that the underlying defect may be dystrophic 
calcification occurring in a previously injured 
arterial wall,'° a disorder of iron metabolism,’ 
or an inherited disorder of elastin structure.’ 

Antenatal diagnosis by fetal echocardio- 
sraphy has not been reported though 
Rosenbaum and Blumhagen noted striking 
acoustic shadowing of the aorta on abdominal 
ultrasound in a preterm infant." In our second 
patient calcification was first detected at 33 
weeks' gestation. If this is typical then 
diagnosis by fetal echocardiography may allow 
elective preterm delivery before the onset of 
cardiac failure but it will be too late for 
termination of pregnancy. 

Although spontaneous regression and 
survival to adult life have been reported," ' 
85%, of patients with idiopathic infantile 
arterial calcification die in the first six months 
of life." Corticosteroids” and a combination of 
corticosteroids, thyroid hormone, and oestro- 
gen' have been used to treat this condition with 
no convincing evidence of efficacy. Merad]i et 
al used disodium etidronate and reported 
regression of calcification within a few weeks 
and complete and permanent disappearance by 
two years." This compound is a diphosphonate 
used to treat metastatic calcification. We used 
this compound in both our patients in a dose 
that is known rapidly to suppress bone 
turnover in adults. Despite this there was 
no objective improvement in the radiological 
and echocardiographic appearances and both 
children died. The patent described by 
Meradji had only mild coronary involvement 
and no signs of cardiac failure and may have 
had a milder variant of the condition. There has 
been no subsequent report of the successful use 
of diphosphonate in this condition. 


We thank Dr John Kanis, Department of Human Metabolism 
and Clinical Biochemistry, University of Sheffield for perform- 
ing the plasma pyrophosphate analysis. GS is supported by the 
Sir Jules Thorn Charitable Trust. 
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The Council of the British Cardiac Society 
has endorsed the suggestion for a regular 
newsletter in the journal. This will appear 
monthly, or at least in most issues. We hope 
that members will write to the president or to 
any of the council about matters of special 
interest or concern, views will be publicised 
in the newsletters whenever it seems appro- 
priate to do so. But more important, the 
newsletter will give the officers of the society 
an opportunity of keeping members informed 
of recent discussion and decisions. In these 
difficult days we will have no shortage of 
topics. 

The council will continue to guide the 
society 1n all matter of umportance, but the 
commuttee structure will be enlarged and 
strengthened. The Joint Training and Man- 
power Group that was set up last year will 
liaise closely with the Specialist Advisory 
Committee—and indeed will have some 
members in common. The Audit Committee 
1s also already in existence. Both of these 
bodies have representation from the Cardio- 
logy Committee of the Royal College of 
Physicians of London. We will also have 
groups with responsibility for data 
management, for liaison with technicians, 
and for public relations. Others may follow as 
and when the need arises. We will give more 
details 1n the next newsletter. 

The meeting in Torquay seemed to go well, 
and it proved a popular venue. We are 
confident that Glasgow and Harrogate will be 
equally successful. The question now is 
whether or not members wish to have some 


meetings in London. We will be seeking your 


views. 

Anxieties about staffing and training con- 
tinue. We believe that the new proposals for 
training set out in the May issue of the journal 
and discussed at the business mectng in 
Torquay are important if we are to maintain 
standards that are comparable to the best in 
Europe. But at the time of writing we have not 
achieved final agreement with the Royal 
College of Physicians of London or with the 
Department of Health. In order to strengthen 
our case—especially with regard to regis- 
trars—we were asked by the college to pro- 
vide up to date information on staffing levels 
at consultant and senior registrar level in time 
for a meeting of the Manpower Group in 
June. We accepted the importance of this, but 
it gave us a little over two weeks to conduct 
the 1990 biennial survey that was originally 
scheduled for July: previous surveys have 
taken up to a year for information to be 
completed. To compound our problem, the 
group at the Univesity of Sussex who helped 
with previous surveys was not available on 
this occasion. Richard Vincent (now director 
of the Trafford Centre for Medical Research 
at the university) stepped into the breach, and 
together we had a fraught fortmght. We hada 
steep learning curve: we apologise to our 
many friends who may have felt harassed and 
who endured a number of procedural errors 
which would not have occurred were it not for 
the unseemly haste of the work. We are 
grateful for all the patient help that was given. 

We must mention a small printers' error in 
the publication on the proposed pattern of 
future traming that we failed to pick up at 
proof stage. The text referred to a period of 
three years after registration for general 
professional training: the table showed only 
two. The text, of course, was correct. 

We have heard criticism that cardiologists 
have little enthusiasm for audit. We believe 
that we have led the field 1n this area. The 
pacemaker database was a pioneering effort, 
and the angioplasty register will be of com- 
parable importance. Our own surveys of 


staffing and facilities are a type of audit, and 
our specialty was the first to conduct these. 
Some of the working parties set up by the 
society had a major component of audit (for 
example that on “‘Cardiology in the District 
Hospital"). The Joint Audit Committee of 
the Cardiology Commuttee of the Royal 
College of Physicians and the Society is now 


actively pursuing new areas of interest. It will 


examine the management of acute coronary 
disease initially as a pilot study 1n five district 
hospitals; a register is being set up to 
document complications of angiography also 
in a few centres at first but with plans for early 
expansion; visits by consultants have been 
arranged between departments in two 
regions—early experience in parts of South 
East Thames have proved rewarding and 
popular. Perhaps we have not been making 
enough noise about our activities, and per- 
haps our newsletters about our activities will 
help to correct this. 

DOUGLAS CHAMBERLAIN 

President, British Cardiac Soctety 





NOTICES 





British Cardiac Society 

The Annual Meeting will take place at the 
Scottish Exhibition Centre, Glasgow on 30 
April to 3 May 1991 


Electricity and the heart 

The 6th Einthoven Symposium will be held 
on 19 October 1990 in Leiden. The sympo- 
sium, co-sponsored by the Netherlands Heart 
Foundation and the European Society for 


Cardiology, will be on electricity and the 


heart. Information from Mrs ] Rust, Phia 
Berghoutlaan 21, 2343 PM Oegstgeest, The 
Netherlands. Telephone ( 4- 32) 71-17.35 53. 
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Pulmonary venous atrial obstruction after the 
Senning procedure: relief by catheter balloon 


dilatation 


John D Coulson, Rufus B Jennings Jr, David H Johnson 


Abstract 

Pulmonary venous atrial stenosis de- 
veloped after a modified Senning pro- 
cedure in an infant with transposition of 
the great arteries. The pulmonary ven- 
ous atrium was surgically revised, but 
the obstruction recurred. The stenosis 
was then enlarged by percutaneous 
balloon catheter dilatation. There was an 
immediate haemodynamic and echocar- 
diographic improvement. Clinical and 
echocardiographic improvement persis- 
ted nine months after dilatation. The 
procedure was complicated by staphy- 
lococcal endarteritis. 


Case report 

A 16 month old female infant presented with 
dyspnoea. She was born with transposition of 
the great arteries and had a Senning pro- 
cedure performed at the age of three months. 
Her pulmonary venous atrium was augmented 
with bovine pericardium. She did well until 
she was eight months old when pulmonary 
venous atrial obstruction rapidly appeared. 
Reoperation disclosed stenosis of the pulmon- 
ary venous atrium by neointimal tissue as- 
sociated with the bovine pericardial patch. 
This tissue and the patch were resected, and 
the remaining defect was closed with native 
pericardium. Postoperatively, clinical and 
echocardiographic evaluation: indicated reso- 
lution of the obstruction. Dyspnoea recurred 
when she was 16 months old and a new 3/6 


Haemodynamic and echocardiographic data 


One month Immediately Immediately Five months 
before before after after — 
dilatanon dilatation dilatation dilatation 

Mean PA (mm Hg) 22 22 18 — 

Mean PAW (mm Hg) 21 18 12 EM 

Mean PVA upstream (mm Hg) 22 — 1i due 

Mean PVA downstream (mn Hg) — 5 7 — 

RVEDP (mm Hg) 5 6 6 "n 

CI (1/min/m*) -— 18 25 s 

Max stenosis dimension by cross 

sectional echo (mm) 4 4 7 6 


Max stenosis 
echo (mm 


e by Doppler 


CI, cardiac index, mean of 6-7 thermodilution determinations; PA, pulmonary artery pressure; 
PAW, pulmonary artery wedge pressure, PVA, pulmonary venous atrium pressure, RVEDP. 
aa ventricular end diastolic pressure. 

Hom Sik ita by time are representative of muluple samples and were generally not 


ultaneously. 


continuous murmur was heard over the ster- 
num. Cross sectional and Doppler echocar- 
diography and cardiac catheterisation showed 
severe obstruction within the pulmonary ven- 
ous atrium (table). Reoperation was con- 
sidered, but our cardiovascular surgeons 
opted to try balloon dilatation of the ob- 
struction. This approach was offered to the 
patients parents as an alternative though 
untested treatment, and they gave their in- 
formed consent. 

The procedure was performed on 17 May 
1989. Thé patient was 18 months old and she 
weighed 10-6 kg. The cardiac index was 
measured by the thérmodilution technique 
(table). Right femoral arterial pressures were 
continuously monitored via the sidearm of a 
6 F sheath. We used serial measurement of 
activated coagulation times (Hemochron, 
International Technidyne Corporation, 
Edison, NJ, USA) to assess heparinisation. A 
3-6 F end hole catheter with a tip angled at 
approximately 90° (White preformed (renal) 
catheter, Becton, Dickinson and Company, 
Rutherford, NJ, USA) was positioned in the 
right ventricle. The tip of this catheter was 
turned to the patient’s right, to direct a 0-018 
inch flexible and steerable guide wire (Hi- 
Torque Floppy, Advanced Cardiovascular 
Systems, Temecula, Ca, USA) across the tri- 
cuspid valve into the pulmonary venous 
atrium. The catheter was advanced into the 
atrium, and the tip was turned posteriorly to 
direct the guide wire through the stenosis in 
the pulmonary venous atrium to the lower left 
pulmonary vein. The catheter was then ad- 
vanced to this position. The guide wire was 
exchanged for a 0:021 inch guide wire, and the 
catheter was exchanged for an angiographic 
catheter. T'he pressure drop across the sten- 
osis was measured (table) and pulmonary ven- 
ous angiography was performed. 

A 5F angioplasty catheter with a 5 mm 
diameter x 2 cm long balloon (polyethylene 
Dotter balloon dilatation catheter, Cook, 
Bloomington, In, USA) was advanced over 
the larger guide wire, purged with carbon 
dioxide, filled with dilute contrast material in 
the descending aorta, and positioned- across 
the stenosis. Maximum balloon inflation 
produced no haemodynamic relief. Therefore, 
an identical catheter was similarly positioned 
across the stenosis via the left femoral artery. 


Pulmonary venous atrial obstruction after the Senning procedure: relief by catheter balloon dilatation 


Figure I Two 
angioplasty balloons 
simultaneously inflated in 
the stenotic segment of the 
pulmonary venous atrium 
nearly abolishing the watst 
produced by the stenosts. A 
thermodilution catheter ts 
positioned in the right 
pulmonary artery. 

( A) Posteroanterior and 
(B) lateral angiograms. 


Figure 2 Lateral 
angiogram of the stenotic 
segment of the pulmonary 
venous atrium after 
balloon dilatation showing 
a tear in the inferior 
margin of the segment 
(arrow j. 





Because the left internal iliac artery was sten- 
otic and would not accommodate a 6 F sheath, 
the second catheter was introduced directly 
through the skin. Four simultaneous double 
balloon inflations were performed (fig 1). The 
angioplasty balloon catheters were withdrawn 
and measurements of haemodynamic function 
(table) and pulmonary venous angiography 
(fig 2) were repeated before the end of the 
procedure. 

The next day the patient was afebrile and 
seemed well. Her catheterisation wounds were 
clear and her femoral and pedal pulses were 
normal bilaterally. Cross sectional echocar- 
diography showed relief of the stenosis in the 
pulmonary venous atrium (table). The patient 
was discharged from the hospital, but signs of 
infection in her left leg appeared over the next 
three days. She was readmitted to hospital 
with staphylococcal endarteritis of the left 
external iliac artery from which she recovered 





after a complicated course. Five months afte! 
the procedure, cross sectional and Doppler 
echocardiography showed persistent relief ol 
the stenosis (table). Nine months after the 
procedure the patient remained symptom free 


Discussion 

It is important to select a balloon with a larg« 
enough diameter to dilate the stenosis. In ou 

patient, the echocardiographic maximum 
dimension of the stenosis and its angiographic 
vertical extent were 4 mm. We chose to dilat« 
the stenosis with 2-5 mm diameter balloons 
the effective diameter of which was 8:2 mm. 

This combination of balloons, the largest low 
profile balloons then available to us, did not 
fully abolish the stenosis. 

However, the pressure drop was halved and 
the cardiac index increased. Furthermore, 
angiography showed a tear in the inferior wall 
of the stenosis, and echocardiography showed 
relief of the narrowing. Subsequent clinical and 
echocardiographic evaluations showed persis 
tence of the improvement. A balloon diameter 
three to four times larger than the echocar 
diographically measured narrowest dimension 
of the pulmonary venous pathway obstructed 
after the Mustard operation was recommended 
for dilating such obstructions.’ Thus large 
balloons might have been more effective in our 
patient. Use of two small balloons seems 
preferable to a single large balloon technique 
because small balloons may be more easily 
manoeuvred through the systemic circulation, 
and the risk of mechanical injury to the femora! 
arteries or heart may be reduced 

After the procedure staphylococcal endar 
teritis and thrombosis developed in our 
patient's previously stenosed left external ilia 
artery. Ileofemoral arteriography 
well developed collateral circulation to the left 
leg which may have masked the thrombosis 
initially. The artery was surgically explored, 
and thrombectomy was performed. Septi 
embolisation produced osteomyelitis in the 
femur, septic arthritis in the knee, and necrosis 
of part of the great toe. Neither endocarditis 
nor meningitis developed. This complication, 
unique in our experience and associated with 
no recognised technical mishap, indicates that 


showed a 
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risk of serious infection. may be increased 
during complex and lengthy interventional 
catheterisations and that the use of prophylac- 
tic antibiotics should be considered. 

Activated coagulation times were serially 


, determined in the catheterisation laboratory to 


assess rapidly the patient's need for sup- 
plemental doses of heparin.*? At the outset 100 
units/kg of heparin was given. Six supplemen- 
tary doses of 50 units/kg were given to maintain 
activated coagulation times of between 312 and 
410 seconds. Guide wires remained within the 
systemic arterial circulation for several hours. 
However, only a trace of thrombus was seen on 
one of these wires when it was eventually 
withdrawn, and no other thrombus was seen 
during the procedure. Thus we believe that 
the activated coagulation time is a valuable 
measure of heparinisation during lengthy 
interventional catheterisations in infants and 
children. 


Coulson, Jennings, Johnson 


- Our-experience reported in an infant with 
pulmonary venous atrial obstruction after a 
modified Senning procedure and that reported 
in children with similar stenoses after the 
Mustard operation! indicate that balloon 
catheter dilatation of these obstructions is a 
feasible alternative to reoperation. 


1 Radtke W, Keane JF, Fellows KH, Lang P, Lock JE. 
Percutaneous balloon valvotomy of congenital pulmonary 
stenosis using oversized balloons J Am Coll Cardiol 1986; 
8:909—15 

2 Yeager SB. Balloon selection for double balloon valvotomy 
[Letter] J Am Coll Cardiol 1987,;9:467-8. 

3 Cooper SG, Sullivan ID, Bull C, Taylor JEN. Balloon 

: dilatation of pulmonary venous pathway obstruction after 
Mustard repair for transposition of the great arteries. J Am 
Coll Cardsol 1989;14.194-8 

4 Scott JA, Berenstein A, Blumenthal D. Use of the activated 
coagulation time as a measure of anti during 
mterventional procedures Radiology 1986;158:849—50. 

5 Ogilby JD, Kopelman HA, Klen LW, Agarwal JB. 
Adequate heparinization during PTCA: assessment using 
activated clotting ume [Abstract]. J Am Coll Cardid 
1988;11.237A. 
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Percutaneous transcatheter myectomy of 
subvalvar pulmonary stenosis in tetralogy of 


atherectomy catheter 


S A Qureshi, J M Parsons, M Tynan 


Abstract 

A male infant with tetralogy of Fallot 
was given a modified left Blalock-Taus- 
sig shunt at 11 days of age because of 
duct dependence. Twenty months later, 
because of increasing cyanosis and 
polycythaemia, he was given palliative 


- treatment with balloon dilatation of the 


right ventricular outflow tract. Seven 
months later a right ventricular 
angiogram showed further progression 
of the infundibular stenosis with poor 
anterograde opacification of the pul- 
monary arteries. He underwent per- 
cutaneous transcatheter myectomy of 
the infundibulum with an atherectomy 
catheter. One month later he was well 
and less cyanosed. 


Pulmonary atresia associated with the 
tetralogy of Fallot is usually congenital. 
Occasionally, atresia may develop at the 
infundibular level after a systemic to pulmon- 
ary artery shunt operation.!? A valved conduit 
ig sometimes required for complete repair in 
this situation which may then be associated 
with an increased morbidity and operative 
mortality.’ ? 

Although it is not possible to identify 
patients with tetralogy of Fallot who may 
develop pulmonary atresia, any intervention 
that prevents this complication may, 
ultimately, reduce the risks associated with 
complete surgical repair. Brock achieved 
effective palliation through closed infun- 
dibular resection or dilatation.?*? Similarly, 
balloon dilatation of the right ventricular out- 
flow tract has recently been shown to be of 
value in infants and children with tetralogy of 
Fallot.5? 

We report the successful use of a new tech- 
nique of transcatheter myectomy of the infun- 
dibulum in a child with tetralogy of Fallot. 


Case report 

Tetralogy of Fallot was diagnosed in a one day 
old boy who weighed 2:5 kg. Cross sectional 
echocardiography showed confluent, but 


Fallot: a new palliative technique with an 


small, pulmonary arteries and severe pulmon- 
ary valvar and infundibular stenosis. When he 
was 11 days old he was given a modified 
(5 mm polytetrafluoroethylene) left Blalock- 


` Taussig shunt because of severe cyanosis and 


dependence upon prostaglandin E, to main- 
tain the patency of the ductus arteriosus. 

At 14 months of age he was moderately 
cyanosed with a haemoglobin concentration of 
19-3 g/l. Cardiac catheterisation showed that 
the pressure in the pulmonary artery (entered 
retrogradely through the shunt) was 10/0 
(mean 8) mm Hg and the aortic pressure was 
120/70 (mean 90) mm Hg. The aortic satura- 
tion was 81% in air. A right ventricular 
angiogram showed a trivial amount of contrast 
flowing through the infundibulum into the 
pulmonary trunk. The right ventricular out- 
flow tract was dilated with a 5 mm balloon 
catheter and then a 8 mm balloon catheter. He 
was reinvestigated seven months later. 
Angiography showed severe infundibular 
stenosis. He underwent further balloon dilata- 
tion of the right ventricular outflow tract 
followed by transcatheter myectomy of the 
infundibulum with an atherectomy catheter. 


Technique 

Cardiac catheterisation was performed under 
general anaesthesia. The left femoral artery was 
cannulated with an 18 G Abbocath. Catheters 
were also introduced percutaneously into the 
right and left femoral veins. The right ven- 
tricular systolic pressure was 110 mm Hg, the 
femoral artery pressure 125/60 (mean 80) 
mm Hg, and the main pulmonary artery pres- 
sure 17/11 (mean 13) mm Hg. Saturations in 
the femoral artery were 78% and in the pul- 
monary artery 69%. A selective injection of 
contrast with the catheter in the infundibulum 
showed severe subvalvar pulmonary stenosis 
caused by hypertrophy of the infundibulum 
(fig 1). To allow an 8 French transseptal sheath 
(Bard International) to be passed into the 
pulmonary trunk, the outflow tract was dilated 
with an 8 mm diameter balloon catheter by the 
standard technique. The level of the infun- 
dibulum was marked with a needle positioned 
externally on the patient’s chest. The 8 French 
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Figure 1 Selective 
angiogram in the 
infundibulum 
anteroposterior 
projection) taken at start 
of procedure, showing gross 
hypertrophy of the 
infundibulum. 


Figure 2. (A) 
Atherectomy catheter (on 
anteroposterior x ray 
screening ) 1n position 
during myectomy. The 
balloon was inflated 
(hollow arrow ) , the 
cutting window (small 
arrows) was in contact 
with the infundibulum, 
and the drill, which was 
being advanced, can be 
seen {large arrow). (B) 
Selective angiogram in the 
infundibulum 
(anteroposterior 
projection) after 
myectomy. The outflow 
tract was wider and the 
surface of the 
infundibulum ( arro ) was 
irregular. 





transseptal sheath and its dilator were ad- 
vanced over an 0-035 inch guide wire and 
positioned in the proximal pulmonary trunk. 
The 6 French, Simpson coronary atherectomy 
catheter (Devices for Vascular Intervention) 
with a “nose cone” distal to the cutting window 
was prepared by purging the lumen port and 
1:5 mm diameter balloon. The guide wire and 
the dilator were removed, leaving the sheath 
across the pulmonary valve. We introduced an 
0-014 inch exchange guide wire through the 
sheath and advanced the atherectomy catheter 
over the wire until it was positioned across the 
infundibulum, using the landmarks from the 
marker needle. The sheath was then withdrawn 
and the catheter was rotated until the cutting 
window pointed postero-medially. The balloon 


Qureshi, Parsons, Tynan 


was then fully inflated to a pressure of 4 
atmospheres and the drill was activated by the 
motor drive unit and advanced manually (fig 
2A). Nine cuts were made with the cutting 
window in different orientations. The balloon 
was deflated and the sheath advanced over the 
atherectomy catheter which was then removed. 
A further balloon dilatation with an 8 mm 
diameter balloon was then performed. All of 
the pieces of resected tissue were removed from 
the *nose cone". Microscopic examination 
confirmed that they were myocardium and 
fibrous tissue. A selective angiogram in the 
infundibulum showed a wider and irregular 
outflow tract (fig 2B). At the end of the 
procedure, the pressure was 16/7 (mean 
10) mm Hg in the pulmonary artery, 125/80 
(mean 100) mm Hg in the descending aorta, 
and 110 mm Hg in the right ventricle during 
systole. Oxygen saturation was 67%, in the 
pulmonary artery and 81^, in the descending 
aorta. There were no complications during or 
after the procedure. One month later he was 
well, less cyanosed, and the saturation by pulse 
oximetry was 85". 


Discussion 

Many centres adopt a staged surgical approach 
in the treatment of tetralogy of Fallot.'*? This 
consists of the creation of a systemic to pul- 
monary artery shunt followed later by complete 
repair. This approach has the advantage of 
allowing continued growth of the pulmonary 
valve ring and pulmonary arteries, thus reduc- 
ing the need for a transannular patch and 
decreasing the operative risk.' Occasionally, 
however, atresia may be developed at the 
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infundibular level after a previous shunt 
operation.’ ^ Such a situation requires an exten- 
sive outflow patch or a conduit for complete 
repair.!* Brock first reported the technique of 
infundibular resection and dilatation in 1948.* 
He believed, as did Matthews and Belsey,"° that 
increasing anterograde flow across the right 
ventricular outflow tract not only achieved 
adequate palliation but was more likely to 
promote the growth of the pulmonary valve 
ring, trunk, and arteries. Recently balloon 
dilatation of the right ventricular outflow tract 
has been used as a non-surgical method of 
increasing anterograde pulmonary blood 
flow?" and has produced adequate palliation. A 
further report has indicated that an increase in 
the size of the pulmonary valve ring, trunk, and 
arteries may also occur after balloon 
dilatation.” 

In our patient palliation after balloon dilata- 
tion, though initially effective, was limited by 
further increase in the infundibular obstruc- 
tion. After another balloon dilatation to 
facilitate the passage of a large sheath through 
the infundibulum, we were able to proceed 
with myocardial resection. Histology con- 
firmed that the resected pieces were myocar- 
dium and fibrous tissue. 

Atherectomy catheters are currently under 
evaluation in peripheral vascular and coronary 
artery disease." P? We showed the successful 
application of an atherectomy catheter for the 
resection of the infundibulum in a child with 
tetralogy of Fallot. 

We suggest that transcatheter resection of 
the infundibulum may be important in the 
palliation of the tetralogy of Fallot and possibly 
other conditions characterised by  fibro- 
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muscular stenosis. However, further modifica- 
tions of the atherectomy catheter are needed for 
this technique to become widely accepted. 


We thank Dr J B Simpson, cardiologist at Sequoia Hospital 
Redwood Cary Califoruiz, USA, and Mr B Hinch of Interven- 
non ita, 
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Samuel A Levine's first world war encounters 
with Mackenzie and Lewis 


Charles F Wooley, John M Stang 


Abstract 
Samuel Albert Levine was a key figure in 
modern cardiology in the United States. 
During the first world war he was one of 
a select group of United States medical 
officers assigned to the British Military 
Heart Hospital where he encountered the 
"British medical giants"—Clifford All- 
butt, William Osler, James Mackenzie, 
and Thomas Lewis. Levine's diary, writ- 
ten when he was a young medical officer 
during the first world war, presents 
crisp character sketches of James Mack- 
enzie and Thomas Lewis. The 
autobiographical vignettes he wrote later 
in life were more gracious and polished 
retrospectives. 

The Levine perspectives, separated by 
a half century, contribute to our under- 
standing of the developing fabric of 
Anglo-American cardiology. 


In October 1917 Lieutenant Samuel A Levine 
wrote from the British Military Heart Hosp- 
ital, Colchester, England to his Chief, Dr 
Henry Christian, at the Peter Bent Brigham 
Hospital, Boston, Massachusetts, USA: 





Figure 1 


Samuel Levine: United States medical officer, 
first world war, at the British Military Heart Hospital. 
From the personal collection of Dr S A Levine. 





We have a group of nice men, most of whom you 
know; Frank Wilson of St. Louis, Rufus Morrison 
of the Rockefeller, B. S. Oppenheimer and Marcus 
Rothschild of the Mt. Sinai, William St. Lawrence 
of New York, besides two Canadians, Thomas 
Cotton and Ross Jamieson. Dr. Lewis is down here 
from Monday to Friday and then returns to Lon- 
don. Sir William Osler is to make ward visits with 
us for the next two days. 

Levine (fig 1) was one of a select group of 
United States and Canadian medical officers 
assigned "to the British Heart Hospital, in 
Hampstead, where I worked from August 
until October 1917. Then the unit was trans- 
ferred to Colchester, in Essex, where we 
occupied the old Sobraon Barracks.” 

Levine recalled this period and his 
experience with the '*British medical giants”, 
the brothers Regii—Allbutt and Osler, and 
the subjects of the present article— Mackenzie 
and Lewis—in a series of autobiographical 
vignettes written late in life. The senior 
Levine (fig 2) used his 1917 wartime diary to 
recall his initial impressions; this provided a 
fresh glimpse of these men seen through a half 
century perspective, 


A 


Figure 2. Dr Samuel Levine, consultant: As as visiting 
professor at The Ohio State University in 1959 


Samuel A Levine's first world war encounters with Mackenzie and Lewis 





Figure 3 Sir James Mackenzie: From the Illustrated 
London News 31 January 1925, p 165 (with permission 
of the Illustrated London News Picture Library). 


Levine's first world war diary sketches were 
crisp, at times brusque, brimming with the 
certainty and criticism of youth. Conversely, 
the vignettes written later in life were 
gracious, polished retrospectives, intended for 
publication. 

James Mackenzie “a tall burly man with 
all the directness of the North” 
(figure 3) 

When Levine encountered Mackenzie in 1917 
he was Sir James Mackenzie, a consultant in 
London, nearing the end of his active medical 
practice. He graduated from Edinburgh in 
1878; 28 years of practice in industrial Burn- 
ley followed. Lewis noted that it was in 
Burnley that “He (Mackenzie) became by his 
own impulse and while engaged in the busy 
routine of a large practice, medical, surgical 
and obstetrical, an ardent and wholly self- 
trained investigator of outstanding merit.’ 

The intensity of the man and the extent of 
his accomplishments during the Burnley 
experience were best described by Bramwell: 
"One cannot but marvel at such 
achievements. The hours for research were 
literally snatched from the rush of general 
practice. But in a man of Mackenzie's tem- 
perament, the urge to contribute to knowledge 
and to the welfare of his fellow men is over- 
whelming and, no matter how extensive his 
other commitments might be, that urge 
prevails.” 

Mackenzie’s clinical observations in 
patients with heart disease and his innate 
curiosity provided the stimulus for the 
development of the first world war British 
Military Heart Hospital.’ He was supported in 
this activity by William Osler, Regius Profes- 
sor of Medicine at Oxford, and Clifford All- 
butt, Regius Professor of Medicine at Cam- 
bridge. As the war progressed and an ever 
increasing number of soldiers presented with 
peculiar disorders of the heart,’ government 
policy and health insurance expenditures, the 
manpower needs of the armed forces, dis- 
ability determinations, and the economics of 
pensions became major concerns in the 
United Kingdom. 

When the Heart Hospital came into exis- 
tence early in 1916 Osler and Allbutt joined 
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Mackenzie as consultants and Thomas Lewis 
was the medical director. 


JAMES MACKENZIE: A CHARACTER SKETCH FROM 
SAMUEL A LEVINE’S WARTIME DIARY WRITTEN IN 
THE AUTUMN OF 1917 

We then visited Sir James Mackenzie and had a 
very interesting talk with him for an hour. Several 
points stood out quite definitely. Sir James, | 
believe, is growing old and therefore refractory and 
stubborn in his ideas. He seems to be bitter against 
Sir William Osler, his book of medicine and his 
teachings. As Sir James asked what the various men 
in the States, whom he knew, were doing, he always 
remarked ‘barren soil’ or ‘that won't lead him 
anywhere’, etc. Other peoples’ work did not seem 
important in the least. He thought that medicine 
was  retrogressing. People were giving up 
chloroform for ether because they did not use 
chloroform properly. ‘We in Edinburgh never had 
any difficulty with chloroform'. 

Medical research is not conducted properlv. A 
man should have ten years general practice before 
he enters a research laboratory. One great mistake 
that Mackenzie makes is that he judges all medicine 
and medical men, in general, from his own 
experiences. He has done an epoch making piece of 
work in the last thirty years while carrying on a 
general practice. In fact, I think that he stands out 
as one of the very great men in clinical medicine of 
the past century. However, similar repetitions are 
apt to be very rare. In spite of my difference of 
opinion to his views, it is most interesting to hear 
such unorthodoxic opinions expressed by such a 
leading figure. 


SIR JAMES MACKENZIE: LEVINE’S RECOLLECTIONS 
LATER IN LIFE 

The third consultant at the British Heart Hospita! 
and one of the giants of the British schoo! of 
cardiology of that era was Sir James Mackenzie 
Dr. Mackenzie was quite different from the other 
two men (Allbutt, Osler) I've described." He was a 
Scotsman and was somewhat dour and given to 
broad philosophic generalization. He frowned on 
the introduction of instrumentation in the diagnosis 
of disease despite the fact that he developed the ink 
polygraph machine (known more familiarly as a lie 
detector machine). This device recorded certain 
physiologic responses as represented by mechanical 
or electrical impulses, such as pulse waves, breath- 
ing movements, and blood pressure, and was of 
great benefit to the medical profession 

His resentment may have been enhanced when 
such a patient would be sent abroad to “‘con- 
valesce" at a health spa such as bad Nauheim or 
Baden-Baden. Probably he was distressed at the 
idea of English folk spending British pounds in a 
foreign country. In fact, Mackenzie had something 
of a “chip on his shoulder” regarding the rich 
During one of our more intimate conversations 
after he had returned from London, he said that he 
would go to London every so often to earn some 
good guineas from the rich and spend them on the 
poor of St. Andrews. 

Before leaving the question of the good or harm 
that might come from using the stethoscope, it 
must be appreciated that heart disease may be 
present for many years (especially in patients suf- 
fering from valvular disease) before heart failure 
occurs. Auscultation allows one to detect the mur- 
murs indicative of valvular regurgitation when no 
symptoms are apparent. Only years later wil! the 
history reveal that the heart is beginning to fail. 
Patients and their physicians should know this 
information, even if there is no need for digitalis or 
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restriction of activity, because certain measures 
may be taken or advice given that will prevent or 
delay future difficulties. 


PERSPECTIVE 

Mackenzie's biographies were written by R 
McNair Wilson and Alex Mair. The Beloved 
Physician by Wilson was contemporary, 
romantic, and written in the heroic mode. 
Mair’s extensive biography was an authorised 
version, written as he noted, **under the spell." 

A more critical biographer might have 
analysed Mackenzie’s paradoxical behaviour. 
While Levine held him in high regard—‘‘At 
that time probably the most outstanding car- 
diologist in the world’’—Levine succinctly 
noted several of the paradoxes. One was Mack- 
enzie’s view of technology and instrumenta- 
tion. Despite his international reputation based 
on the translation of bedside physiology with 
the polygraph and the resultant ability to 
record, define, and analyse arrhythmias, Mack- 
enzie thought technology inappropriate and 
distracting for the practitioner. Lawrence 
analysed the origins of this recurrent theme, 
the distrust of technology, a persisting concern 
in British medicine in his description of the 
"new cardiology” in Britain from 1880-1930.’ 

Levine addressed another paradox—Mack- 
enzie's approach to auscultation. Although he 
was a product of the auscultatory era, his long 
experience at Burnley stimulated him to 
emphasise functional capacity and “to over- 
throw the dictatorship of the stethoscope which 
dominated cardiology for nearly a hundred 
years." Mackenzie was motivated by the noble 
impulse to avoid invalidism in civil life. When 
Mackenzie's dogma about ignoring apical sys- 
tolic murmurs was put in practice at the Heart 
Hospital, however, the result was long term 
confusion in understanding the frequency and 
course of mitral valvar regurgitation. 

Levine appreciated the clinical wisdom that 
Mackenzie mined at Burnley through analysis 
of “‘the careful records of his patients (which) 
revealed the significance of symptoms." He 
recognised Mackenzie's contributions to the 
understanding of the natural history of certain 
cardiac conditions, and the emphasis placed on 
functional capacity (**a heart is what a heart can 
do”). Many of these attributes found expres- 
sion in Levine's clinical practice and medical 
writings. 


Thomas Lewis: background 

Thomas Lewis (fig 4) burned with a clear blue 
flame—extraordinary energy and intelligence 
focused through an incredible intensity. Al- 
though Lewis has not as yet had a definitive 
biographer, there is a great deal of information 
available about his wartime experience at the 
Heart Hospital of “‘soldier’s heart". Howell 
analysed the soldiers heart story in detail—the 
redefinition of heart disease in soldiers that 
took place at the Heart Hospital and the 
contribution of the foundation of the specialty 
and its technology to the process.^ Thomas 
Lewis stood at the centre of these activities, 
conceiving and directing the beginnings of 
scientific inquiry into the classification of car- 
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Figure4 Thomas Lewis (right) with Ross Jamieson in 
1917 (from the personal collection of Dr S A Levine). 


diac disease and the pathogenesis of functional 
cardiac disorders that took place at Hampstead 
and at Colchester. Lewis's further evolution as 
a clinical scientist proceeded along different 
pathways after the war, in part as a result of 
these experiences. 

THOMAS LEWIS: A CHARACTER SKETCH FROM 
SAMUEL A LEVINE'S WARTIME DIARY WRITTEN IN 
THE AUTUMN OF 1917 

Dr. Lewis impresses one as having rare qualities and 
a perfectly sound intellect. He hardly displays 
evidence of genius. But like many men of ability, he is 
apt to be stubborn in his opinions and refractory to 
other peoples' views. By doing intensive and 
laborious work of a fundamental nature on the 
physiology of the heart, he has been able to make 
quite a distinct contribution to our knowledge. One is 
immediately impressed by his writings and his 
conversation as to his clearness of thought and 
expression. He always seems to have a reasonable 
explanation for the points he maintains. He is quick 
in getting at the kernel of a discussion. In general, he 
is a skeptic of most scientific work and this trait, 
although generally helpful, frequently leads him 
astray. A frequent error that men of prominence 
make is to consider their opinion in other subjects as 
authorititative as that in the one which has been their 
main work. Dr. Lewis, I believe, is apt to make this 
mistake at times. 

His accuracy of statement is supreme. But there 
are times and things, about which it is just as 
improper to talk in the most accurate terms as it is to 
weight out a milligram on a crude balance. It is rather 
disturbing if one has ever to be cautious about the 
remarks one makes in his presence. This feeling has 
not come up in my personal experience but with 
others it has. One never feels he has come close to Dr. 
Lewis's inner personality. He does not open out his 
self very widely. He does not make you admire or love 
him, but rather respect him and stand in awe before 
him. 


Samuel A Levine's first world war encounters with Mackenzie and Lewis 


There are very few things about which he does not 
know a great deal. He has a deep interest in birds and 
photography, both of which he has combined most 
appropriately. The art that is mixed up in his soul is 
of a rare type. It mingles with the artistic a peculiar 
pragmatic and materialistic strain that is not com- 
monly seen. Above all, he is an extremely keen man. 


SIR THOMAS LEWIS: LEVINE'S RECOLLECTIONS 
LATER IN LIFE 

The fourth of the British giants attached to the 
British Heart Hospital was Thomas Lewis (later Sir 
Thomas). He was an amazing young man—ener- 
getic, frank, brusque, and quick in his manner—and 
had a most keen intellect. We had been warned that 
he was “‘not an easy man to live with." However, this 
did not appear to be the case regarding us Americans. 
He took a fancy to us and was always kindly disposed. 
In fact, he and I became fast friends and remained so 
throughout his life. Lewis had firm opinions and 
convictions on many subjects. J was even courageous 
enough to differ with him, even though I was only a 
young physician. In fact, we sometimes engaged in 
rather heated medical discussions, each taking a 
diametrically opposite view. 

He was the only man I knew who remained a 
civilian throughout the war and yet held a responsi- 
ble post as chief of a military hospital. He never 
joined the army and never wore a military uniform. 
How he was able to do this with the government’s 
consent ıs not clear. It must have required a good deal 
of courage, since many a man would have felt uneasy 
about strangers regarding him as a slacker during 
those trying war years. He was only about 40 years 
old at the tume. Perhaps he feared that if he joined the 
regular Royal Army Corps he might be sent to 
Mesopotamia, Egypt, or some other place where he 
would be forced to do work that he was not par- 
ticularly qualified to perform. In his unique way, he 
succeeded in obtaining just the right post to do his 
job and to benefit the war cause best. 

Lewis always had a happy family working under 
him at the British Heart Hospital. Most of the 
medical officers were Americans, although there 
‘were a few British, Canadians, and occasionally other 
colonials. Eventually, they would leave the Sobraon 
barracks at Colchester and join the American forces 
in France. This arrangement proved valuable to us 
Americans and was also of great help in staffing the 
hospital for the British. The hospital also proved to 
be a training ground where we Americans learned 
something about solider's heart, or what was later 
called neurocirculatory asthenia (NCÀA).? 

One incident illustrates Lewis's independence of 
mind. On this occasion I was sitting beside him at our 
mess table at luncheon when a messenger brought 
him a note requesting that he see some military 
official who had just arrived. We finished our lunch 
in our customary unhurried fashion and walked out 
to an adjoining sitting room, where I found Lewis 
talking to a staff officer. Later I learned that the 
officer was the Inspector General of the British 
Medical Corps. It so happened that just before 
lunch, Lewis had asked Frank Wilson and me if we 
would like to go out. for a bird walk after our meal, 
and we had eagerly accepted the invitation. Standing 
beside Lewis and the Inspector General was Captain 
Thomas Cotton, regarded as second-in-command of 
the professional staff at our hospital. I overheard 
Lewis say that he was sorry not to be able to 
accompany the Inspector General on the tour of 
inspection but he had a previous appointment and 
that Captain Cotton would be his guide instead. Had 
he been in the military, I doubt whether he could 
have avoided complying with the wishes of the 
Inspector General just to take a bird walk with two 
American lieutenants. 
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During one of our medical discussions, Lewis 
made a remark that left a strong impression on me. 
He stated that in most cases, before a research project 
was begun, he could fairly well predict what would 
eventually prove to be the essential conclusions of the 
study. What he meant was that the investigations 
were planned in order to prove something he already 
thought to be true. 

Another time we had a brisk debate regarding the 
relative importance of valvular and muscular factors 
in the progress of chronic rheumatic valvular dis- 
eases. He insisted that it did not matter much 
whether the valve was slightly or markedly defor- 
med; the important determinant was the health and 
strength of the heart muscle. His reasoning was that 
on postmortem examinations, valves are at umes only 
slightly distorted and at other times markedly so. I 
took the opposite view, maintaining that except for 
the acute stage of active rheumatic carditis, seen 
particularly ın children, the degree of valvular defor- 
mity was all important and that the heart muscle 
played a secondary and comparatively unimportant 
role. In fact to bring this opinion clearly in focus, I 
stated that 1f one could introduce a purse-string 
suture around the mitral valve to cause significant 
and progressive constriction of that valve, one could 
reproduce the clinical features of heart failure seen in 
cases of mitral stenosis without introducing elements 
such as infection or a change in the coronary blood 
flow. In a word, I propounded the view that 
mechanical narrowing of the valve in itself was of 
primary significance. 

In further discussions, I recall asking whether 
patients who had rheumatic infections during child- 
hood would develop progressive congestive heart 
failure many years later from heart muscle disease if 
there were no valvular defects. If the heart muscle 
was so important in causing heart failure in chronic 
rheumatic valvular disease, we ought to see middle- 
aged people with heart failure with no valvular 
disease who had rheumatic fever in childhood. 
Clearly, except during the acute stage of rheumatic 
carditis (really pancarditis), late chronic heart failure 
does not occur as a consequence of rheumatic infec- 
tions when the valves are not involved. The excep- 
tions are when an independent factor such as hyper- 
tension or coronary artery disease is present. 

Another argument offered was that when the 
valvular deformity was very slight and the patient 
died, the cause of death was some other disease or 
condition, such as bacterial endocarditis, pulmonary 
or arterial embolism, coronary artery disease, or an 
infection. In more recent years, since the introduc- 
tion of modern cardiac valvular surgery, the impor- 
tance of the valvular element in rheumatic heart 
disease has been definitely established. Interestingly, 
Mackenzie’s view was similar to that of Lewis. 

About six years later, Dr. Elliott C. Cutler and I 
reported the first case of mitral stenosis in medical 
history in which the patient, a young girl, underwent 
operation, improved, and lived for 44 years. The 
operation was performed by Dr. Cutler at the Peter 
Bent Brigham Hospital on May 20, 1923. I sent a 
reprint of our article to Mackenzie, and in his reply 
he indicated no enthusiasm for the possible value of 
surgery and, in fact, hinted that not much was to be 
expected from correcting the valve defect, since the 
main trouble was muscular rather than valvular. This 
remained the predominant view among Briush car- 
diologists for many years thereafter. 


PERSPECTIVE 

Dr Levine’s vignette of Lewis is the most 
personal of his recollections of the “‘four British 
giants”. Levine obviously enjoyed his contact 
with Lewis, the intellectual stimulation, and 
was impressed by Lewis’s sense of indepen- 


170 


dence. The entire Heart Hospital experience 
left deep impressions on the young Levine. 

The vignette of Lewis also allows us a view-of 
the young Sam Levine with the juices flowing, 
engaging one of the best minds of the era, 
enjoying the contest, and delighting in the 
debates, discussions, and controversy. 

Levine also reflected on the next leap for- 
ward, the Cutler-Levine 1923 cardiotomy and 
valvotomy for mitral stenosis. This was, as 
Allbutt said, ‘‘a bold enterprise," but one for 
which both Mackenzie and Lewis had little 
enthusiasm. 

The participation of Thomas Lewis,’ James 
Mackenzie," Clifford Allbutt,” and William 
Osler’ in the Heart Hospital experience was a 
focal point in modern cardiology, and a junc- 
tion between the “‘old” and “new” cardiology 
in Great Britain.’ Later in the war the Heart 
Hospital served as “a training ground," a 
contact point between the more senior British 
cardiologists and their young United States 
and Canadian counterparts. 

Samuel A Levine's recollections of the 
interactions among the first world war British 


and the United States medical officers give us a 


glimpse of events that became cornerstones for 
future relations between British and American 
cardiology for the rest of the century. 


Anglo-American cardiology 
Anglo-American cardiology had its origins 
during this era. William Osler brought Can- 
adian, United States, and British medical 
experiences and ties to the establishment of the 
British Military Heart Hospital. Allbutt 
travelled and lectured in the United States and 
Canada and delivered the invited Lane lectures 
on the cardiovascular system in San Francisco 
in 1898. Mackenzie also travelled extensively in 
the United States as a tourist in 1885 when he 
was a general practitioner; he was an inter- 
national figure when he returned to North 
America in 1918 as a member of a British 
wartime delegation. Mackenzie and Allbutt 
brought the wisdom of decades of medical 
practice and reputations as consultants and 
authorities in early cardiovascular medicine to 
the development ofthe Military Heart Hosptal. 
Lewis visited the United States in 1914, gave 
the Herter lectures in Baltimore, the Harvey 
lecture in New York City, and was a visiting 
professor at the Peter Bent Brigham Hospital in 
Boston. Burchell traced the extraordinary 
impact Lewis had on American cardiology.” 
Krikler spoke of Anglo-American links that 
resulted when Alfred E Cohn worked with 
Thomas Lewis in 1909, returned to the United 
States, "brought the first string galvanometer 
to the Western Hemisphere,” and joined the 
staff of the Rockefeller Institute for Medical 
Research in 1911.'^ Francis Fraser, a Univer- 


‘sity of Edinburgh graduate, travelled in the 
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other direction; he worked with Cohn as a 
British research fellow at the Rockefeller and 
later returned and served with Lewis at the 
Heart Hospital in Hampstead. Paul Dudley 
White and Jonathan Meakins were in Lewis's 


laboratory just before the war. Samuel Levine 
worked with Cohn at the Rockefeller before his 
British Military Heart Hospital experience 
with Lewis. 

Lewis’s laboratory at the University College 
Hospital, London, and the Heart Hospital at 
Hampstead and later at Colchester were centres 
for Anglo-American exchange during the first 
two decades of the 20th century. Samuel 
Levine, Frank Wilson, Bernard Oppenheimer, 
Marcus Rothschild, Paul Dudley White, 
Thomas Cotton, Ross Jamieson, Jonathan 
Meakins, Hubert Starling, John Parkinson, 
Francis Fraser, Rufus Morrison, William St 
Lawrence—met, interacted. with, or were 
influenced by each other and their contacts 
with the ‘“‘four British giants". All these 
experiences were part of the developing fabric 
of Anglo-American cardiology: old physicians 
and young; contacts, impressions, strong 
imprints; teachers and mentors; shared 
experiences, associations, collaborations, 
friendships; bright young minds encountering 
the legends of their time. These are the roots of 
the United States and Canadian cardiology that 
may be recognised 80 years later. 


Mrs Samuel A Levine and Dr Herbert Levine allowed us to 
review, select, and edit material from Dr Samuel Levme’s first 
world war diary and from his autobiographical vignettes written 
later m life for 1nclusion in this article. 
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Seta Prone professor of anatomy. David Sinclair was intent on à 
Doctor | career in surgery when he graduated from St Andrew ` 
A | University but fate, mainly in the shape of the second 
world war, decreed otherwise. He eventually became the 
first professor of anatomy at the University of Western 
Australia by way of the RAMC, Porton Down. 

rese arching the effects of mustard gas in Queensland, and 
the de partment of human anatomy at Oxford. His 
peregrinations did not, however, stop there; he returned 
to this country to take up the regius chair of anatomy at 
Aberdeen University and betore retirement became 
director of postgraduate medical education at Perth, 
Western Australia. 
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S. Glagev, University of Chicago, IL; 
W. P. Newman HL, Louisiana State 
University; S. A. Schaffer, Hayward, CA 
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Pathobiology 
of the Human 
Atherosclerotic 
Plaque 


1990, XXXI, 923 pp. 273 figs., 16 in full color. 
Hardcover DM 148,- ISBN 3-540-97130-0 


With sixty-three contributions from leading 
experts around the world, this volume is the 
most comprehensive presentation of the 
human atherosclerotic plaque up to now. 
Based on the papers presented at a workshop 
heid by the American Heart Association in 
September, 1986, it brings up-to-date current 
perceptions of the human plaque and ad- 
vances in the application of modern methods 
of imaging, fluid dynamic measurement and 
plaque analysis. 


J.-S. Lee, T. C. Skalak, University of Virginia 
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Microvascular 
Mechanics 


Hemodynamics of Systemic 
and Pulmonary Microcirculation 


1989, XV, 222 pp. 109 figs. 
Hardcover DM 118,- 
ISBN 3-540-97038-X 


A fundamental approach to the description of 


circulation from the perspective of microvas- 
cular hemodynamics, with special emphasis 
on recent methodological advances. The inte- 
grated treatment of systemic and pulmonary 
microcirculation is unique. 


Throughout, the book illustrates the utility of 


quantitative biomechanical theories in under- 
standing the microvascular causes of whole 
organ events and in pointing the way to new 
experiments. 


G. Bonner, University of Cologne; 
K.-H. Rahn, University of Münster 


Prostacyclin 
and Hypertension 


1990. XII, 90 pp. 49 figs. 4 tabs. 
Softcover DM 22,- ISBN 3-540-52140-2 
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R. Rettig, D. Ganten, University of 
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Salt and Hypertension 


Dietary Minerals, Volume Homeostasis 
and Cardiovascular Regulation 


1989. XX, 368 pp. 124 figs. 46 tabs. 
Hardcover DM 148,- ISBN 3-540-50063-4 


The latest research into the role of different 

electrolytes in volume homeostasis and 

hypertension. The five sections cover: 

- electrolyte and volume homeostasis 

- cellular mechanisms 

- genetic determinants of salt sensitivity 

- pathophysiological significance of different 
tvpes of minerals 

- epidemiology of salt consumption and 
intervention trials, 





F. Kajiva, J. A. E. Spaan, G., Klassen, 
J. I. E. Hoffman (Eds.) 


Coronary Circulation 


Basic Mechanism and Clinical Helevance 


1990. Approx. 350 pp. 141 figs., including 
4 in color. Hardcover DM 260,- 
ISBN 3-540-70042-0 


This monograph focuses on recent major 
advances in basic research, but also includes 
discussion of clinical application. The basic 
mechanisms of coronary circulation are 
covered, including the relationship between 
coronary flow and systolic and diastolic func- 
tion, and the neural and humoral control of 
coronary tone. Other sections discuss coro- 
nary anatomy, blood flow dynamics, microcir- 
culation, and regional myocardial flow. 
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"Y ardiovascular disease is now a major cause of death in the 
Bia Industridliced world and is the subject of intensive research. 
Wiley are pleased to bring you details of their latest BOOK: on ma dii 
aspects of cardiology — from research titles to books for the health care 
specialist. The books described here range from newly pub! li hed works 
to acclaimed backlist titles which are invaluable additions to the 
professional's resource collection. 

If you would like further information on any of d titles in this 
leaflet, or would like your name added to our mailing list, please write 
to our Marketing Services Manager at the address below. 








PRACTICAL ECHOCARDIOGR, 
M.J. MONAGHAN, King’s College Hospital, London, UK 


Echocardiography and Doppler - the noninvasive examination of the activity 
of cardiac structures and intracardiac blood flow using reflected ultrasounc - 
is now established as a primary diagnostic tool for the evaluation of heart 
disease. In order to obtain technically accurate readings and to interpre? 
features associated with pathological conditions, considerable specialist 
skills are required of the technician or clinician operating the equipment, ana 
of those responsible for interpreting the reading. However, there is a great 
need for a short, practical manual aimed at the technician and clinician inthe 
process of learning to use the machines and to understand the technology. 
This book, offers a complete guide to understanding and performing 
ultrasound investigations of the heart using today's newest di ee 
techniques and methods, including Doppler color flow mapping. The book 
takes the reader through basic echo/Doppler instrumentation and phys ysic 
equipment controls, examination techniques, the best methods for obtaining 
relevant recordings and through the fundamental and essential aspects ol 
interpreting echo and Doppler images throughout the whole spectrum of 
cardiac pathologies. 


The book's highly illustrated, readable text makes this an invaluable practica 
introduction for those new to the field and a useful “quick reference" Source 
for those more experienced. 
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047192069X 160pp January 1990 £35.00/$72.45 














HEPARIN AND THE 
PREVENTION OF 
ATHEROSCLEROSIS 


Basic Research and Clinical 
Application 

H. ENGELBERG, Ceders-Sinai Medical Center, 
Los Angeles and Loyola University Medical School, 
Illinois, USA 

This important work offers a 
comprehensive, single reference on the 
entire spectrum of basic and clinical 
studies of heparin and its effect on 
atherosclerosis. The book presents 
innovative aspects of heparin's use in both 
the prevention of atherosclerosis and for 
intervention with thrombotic 
complications. In addition to research 
studies in animals and humans, the book 
includes case histories, illustrates 
indications for heparin's prophylactic use 
in coronary atherosclerotic disease and 
compares heparin to other therapeutic 
modalities. In addition, this volume covers 
adverse reactions to heparin, new data on 
lowering elevated fibrinogen levels with 
low-dose heparin injections, and 
suggestions for future research. 


Contents: Pathogenesis of 
Atherosclerosis; Nature of Heparin: 
Physiologic Actions Relating to 
Atherosclerosis; Effects of Heparin at the 
Arterial Wall; Effects of Heparin in the 
Blood; Heparin Therapy in the Prevention 
of Atherosclerotic Disease in Humans and 
Experimental Animals; Comparison of 
Heparin with Other Modalities in the 
Prophylaxis of Coronary Disease and its 
Complications; When and How to Use 
Heparin Prophylactically in 
Atherosclerotic Disease; Preventive 
Heparin Therapy: Case Histories; 
Alternative Routes of Heparin 
Administration; Adverse Reactions to 
Heparin; Suggestions for Future Research 
on Heparin and Atherosclerosis. 


0471567132 230pp July 1990 £49.10/$74.40 








MOLECULAR BIOLOGY OF 
THE CARDIOVASCULAR 
SYSTEM 


Edited by R. ROBERTS and M. D. SCHNEIDER, 


Baylor College of Medicine, The Methodist 
Hospital, Houston, Texas, USA 


The latest progress made in the application 
of molecular biology to biomedical 
research and of growth-adaptive 
responses to cardiovascular disorders is 
examined in this detailed volume. Among 
the many topics covered are: the basic 
mechanisms responsible for gene 
switching to fetal expression during 
hypertrophy in relation to the 
pathogenesis and treatment of cardiac 
failure; designing drugs for the treatment 
of hypertrophy; revolutionary new forms 
of thrombolytic therapy; molecular 
biological application of structure- 
function analysis as well as the targeting of 
organ-specific drugs to the development of 
safe, effective pharmaceutical treatment of 
cardiovascular disorders; cloning and 
sequencing techniques as they apply to the 
treatment of thrombosis, atherosclerosis, 
and prosthetic device failure; and the more 
effective prevention of sudden cardiac 
death through the characterization and 
sequencing of various sodium channels in 
various organs. 


Contents: Molecular Biology: The New 
Frontier for the Cardiologist; Cardiac 
Muscle and Myogenesis; Hypertrophy and 
Hyperplasia; Growth Factors and Growth 
Factor-Inducible Genes; Thrombosis and 
Thrombolysis; Endothelial Cell 
Interactions; lon Channels; Contractility; 
Development; Extracellular Matrix and 
Embryogenesis. 

Series: UCLA Symposia on Molecular and Cellular 
Biology, Voiume 131 

0471567523 366pp June 1990 £85.50/$129.00 


CONGENITAL HEART 
DISEASE 
A Diagrammatic Atlas 


Edited by C.E. MULLINS and D.C. MAYER, 
Texas Children’s Hospttal, Houston, USA 


Compiled by the senior author over 
twenty-seven years and imitated by many 
institutions throughout the world, this 
collection of 167 line drawings of 
congenital defects, provides a method of 
reporting the results of the various cardiac 
imaging modalities in a detailed, 
anatomically realistic way. With the 
addition of hemodynamic data acquired 
during cardiac catheterization, the 
diagrams become accurate and concise 
anatomical and physiological reports. The 
diagrams in this Atlas cover many 
variations and combinations of atrio- 
ventricular, veno-atrial, and ventriculo- 
arterial connections; cardiac positions, 
atrial situs; and left and right aortic arches. 
They have been designed to be easily 
modified so that any abnormality can be 
illustrated using a simple technique 
demonstrated in the book. 


0471501077 394pp 1989 £64.35/$97.25 


THE PREVENTION OF 
SUDDEN CARDIAC DEATE 
Edited by J.B. KOSTIS and M. SANDERS, both of 


UMDNI- Robert Wood Johnson Medical School, 
New Brunswick, New Jersey, USA 


Sudden cardiac death (SCD) remains a 
major problem for the cardiologist. 
Presenting the latest diagnostic and 
therapeutic developments in this 
multifaceted area, this book addresses the 
problems involved in preventing SCD. It 
focuses on risk stratification techniques 
designed to direct the selection and 
application of appropriate, promising 
treatment modalities. 


Contents: Sudden Death: The View from 
Framingham; Relation of Amount and 
Distribution of Coronary Arterial 
Narrowing in Sudden Coronary Death to 
Previous Symptoms of Myocardial 
Ischemia; Triggers of Sudden Coronary 
Death: The Morning Increase; Sudden 
Death in Noncoronary Heart Disease; Risk 
Stratification for the Prevention of Sudden 
Cardiac Death by Noninvasive Methods; 
Risk Stratification for Sudden Death in 
Patients with Complex Ventricular 
Arrhythmias: Value of Electrophysiologic 
Testing and the Signal-Averaged 
Electrocardiogram; B-Adrenergic Blockage 
in the Prevention of Sudden Cardiac 
Death; Pharmacologic Prevention of 
Sudden Cardiac Death: Role of 
Antiarrhythmic Drugs; Therapeutic 
Electrical Devices in the Management of 
Sudden Cardiac Death; The Role of 
Cardiac Surgery in the Prevention of 
Sudden Death; Life Style: Its Effect and 
Modification for the Prevention of Sudden 
Cardiac Death. 


0471566799 316pp April 1990 £55.50/981.0€ 





LASER ANGIOPLASTY 
Edited by T. A. SANBORN, Mount Sinai Medica 
Center, New York, USA 


Laser Angioplasty is a uniquely practical 
guide to the clinical use of lasers in 
cardiovascular disease. This volume 
completely describes the intricacies of th. 
current techniques entailed in the 
application of laser thermal angioplasty 
with the laser probe. Numerous drawings 
photographs, x-rays and angiograms 
precisely describe critical procedures. 


Contents: Early Results of Laser 
Angioplasty Using Bare Fibreoptics; 
Noninvasive Vascular Laboratory 
Evaluation; Applications for Laser 
Angioplasty; Peripheral Angioplasty 
Techniques; Laser Thermal Angioplasty; 
Equipment and Techniques; Initial 
Multicenter Training and Experience with 
1.5 and 2.0 mm Peripheral Laser Probes; 
Clinical Laser Angioplasty Experience at 
Northern General Hospital and the San 
Francisco Heart Institute; Laser 
Recanalization: The Hybrid Probe; 
Techniques and Experience in Laser 
Angioplasty at the Texas Heart Institute; 
Surgical Laser Recanalization Techniques 
One Year Follow-up Results for 
Femoropopliteal Lesions Treated with 
Laser- Assisted Balloon Angioplasty; 
Percutaneous Coronary Laser Thermal 
Angioplasty; Future Directions: Other 
Cardiovascular Laser Systems. 


0471509922 132pp 1989 £44.40/$67.35 


CARDIAC PROBLEMS IN 
PREGNANCY 


Diagnosis and Management of 
Maternal and Fetal Diseases, 

2nd Edition 

Edited by U. ELKAYAM, University of Southern 


California Medical School and N. GLEICHER, 
Rush Medical College, LISA 


Totally updated and expanded this new 
edition of a landmark text covers all the 
latest advances in maternal and fetal 
cardiology. The editors have consulted 
extensively with leading clinicians and 
investigators around the world in 
preparing this revised version. It includes 
over a dozen new chapters from specialists 
in a variety of disciplines and serves as 
both a practical guide and as an 
authoritative reference volume. Chapters 
from the first edition have been rewritten 
to incorporate the latest advances in 
diagnostic and therapeutic approaches to 
maternal and fetal heart disease. Full color 
illustrations and updated references are 
also new in this edition. 


Contents: MATERNAL SECTION: 
Physiologic Changes During Normal 
Pregnancy and the Puerperium; Cardiac 
Evaluation of the Pregnant Woman; 
Cardiovascular Disorders and Pregnancy; 
Vascular Disease in Pregnancy; Cardiac 
Surgery and Pregnancy; Hypertension and 
Pregnancy; Cardiovascular Drugs in 
Pregnancy; Pregnancy Prevention in the 
Cardiac Patient; FETAL SECTION: 
Development of the Heart; When to Expect 
Congenital Abnormalities; Noninvasive 
Evaluation of the Fetal Heart. 

0471505005 809pp March 1990 
£109.40/$164.85 
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BEHAVIOURAL MEDICINE 
IN CARDIOVASCULAR 
DISORDERS 


Edited by T. ELBERT, University Tubingen, 

W. LANGOSCH, Benedikt-Kreuz Rehabilitation 
Centre, Germany, A. STEPTOE, St George's 
Medical School, London, UK and D. VAITL, 
University Giessen, Germany. 


Recent research has improved the 
understanding of the ways in which 
psychological conditions, may interact 
with physiological regulatory 
mechanisms. This book outlines basic 
psychophysiological mechanisms in the 
development of cardiovascular disorders 
and discusses recent developments in the 
behavioural management of these 
conditions. 


0471917702 340pp 1988 £46.50/$96.30 


ELECTROPHYSIOLOGY OF 
THE SINOATRIAL AND 
ATRIOVENTRICULAR 
NODES 

Edited by T. MAZGALEV, L.S. DREIFUS and E. 


MICHELSON, all of The Lankenau Medical 
Research Center, Philadelphia, USA 


This informative volume emphasizes the 
clinical counterparts of supraventricular 
tachycardias and AV conduction disorders 
and presents detailed information on such 
important topics as the role of various 
currents in impulse formation and 
conduction, the mechanisms of 
antiarrhythmic drug action, and new 
surgical and mapping techniques for the 
management of abnormalities of impulse 
formation and conduction. 


Series: Progress in Clinical and Biological Research 
0471622494 368pp 1988 £57.85/$87.50 


FETAL 
ECHOCARDIOGRAPHY 
An Atlas 


K.L. REED, C. F. ANDERSON and 
L. SHENKER, Llniversity of Arizona, USA 


Combining the expertise of 
ultrasonography, obstetrics, and pediatric 
cardiology with the talents of an excellent 
medical illustrator, this concise, 
beautifully illustrated atlas offers a 
complete guide to understanding and 
performing ultrasound examinations of 
the fetal heart using advanced two- 
dimensional technology, including M- 
mode echocardiography and Doppler 
ultrasound. 


"The standard of production of the book is 
excellent and the authors are to be commended 
for the most excellent medical illustrations 
that accompany the ultrasound pictures...this 
book is a valuable...review of the subject...it 
should certainly be available in any 
department undertaking fetal 
echocardiography." 
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ACUTE CORONARY 
INTERVENTION 


Edited by EJ. TOPOL, Interve 
University of Michigan Medica 






tonal Cardiology 
Center, USA — 
"This book is a comprehensive... review of the 
most rapidly changing area of modern 
cardiology: acute intervention in ischaemic 
heart disease. lt is a multi-author work, with 
each chapter contributed by a recognised 
leader in this field. The sc 5 
comprehensive and all areas of acute 
intervention from thrombolysis through 
angioplasty to surgery in acute ischaemia and 
infarction are described excellently and in 
detail. Some chapters, such as the one on the 
treatment of cardiogenic shock, are 
outstanding. There is very full and ciear 
coverage of the basic science behind the more 
complex aspects of this subject; excellent 
chapters cover the intricaci 
pathophysiology of thromb: 
thrombolysis and differen 
mechanisms of action of the various differe:| 
thrombolytic agents. In addition, detailed 
chapters describe the recent clinical trials thal 
have established the benefit of acute 
thrombolysis...It contains so much 
information about this rapidly evolving feid 
that all units engaged in this type of work 
would find a copy useful." 
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RISK A Reader 














M. HOWES, Department of Health & : 
Welfare, Open Unrversity, Milton Keynes, UE 


Britain lags behind the rest of the world in 
reducing coronary heart disease and the 
health care professions are committed to à 
policy of health education as a means oi 
preventing disease. 
This book isaserious attempt to meet the 
need for continuing education in heart 
disease risk reduction. It brings together 
key papers from a wide variety of 
international sources which demonstrate 
different ways of putting the principles of 
health education into practice, and te 
the primary health care team how to tackle 
their preventive responsibilities with 
professional knowledge and skill. This 
book is the Course Keac 
University course “Coronary 
Disease: Reducing the Risk’, the first in a 
series of "Education for Health" cours 
funded by the Health Education Coun 
"This book should be compulsory v 
all health professionals." 
JOURNAL OF THE ROYAL COLLEGE 
OF GENERAL PRACTITIONERS 
0471912646 208pp (pr) 1987 £14.99/930.95 
A Wiley Medical Publication is associttion wie 
The Open Liniversity 
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CORONARY 
ANGIOPLASTY 


D.A. CLARK, Seton Medical Center, 

California, USA 

"This book is a work of art! The book is 
designed to cover the practical aspects of 
present day coronary angioplasty and deals 
particularly well with all the recent advances 
in angioplasty with an especially good 
chapter on rapidly growing fields of 
percutaneous transluminal coronary 
angioplasty (PTCA) in acute myocardial 
infarction. There are other chapters on 
recurrent stenosis following successful PTCA 
and complications of coronary angioplasty, 
and these are entirely rational and easily 
readable. The diagrams throughout the book 
are clear, well labelled and of the highest 
quality.....this book is extremely good value." 


THE BRITISH JOURNAL OF: 
RADIOLOGY 


0471633372 212pp 1987 £49.20/$74.50 


CARDIOLOGY 

T.J. PHILLIPS, Boston University School of 
Medicine, USA and P.N. PLOWMAN, 

5t Bartholomew's Hospital and Medical College, 
London, UK 


The clinical aspects of cardiology are 
explained in the first part of this book 
together with the appropriate 
investigations and then the major diseases 
of the heart are examined using the 
knowledge gained from the earlier pages. 
In this way, the student understands the 
clinical fundamentals before moving on to 
the more sophisticated investigations. The 
book is abundantly illustrated and the 
diagrams reinforce and commit to memory 
all the key statements in the text. 
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Editorial 


Endocavitary ablation of atrioventricular conduction 


Endocavitary electrical ablation of atrioventricular 
conduction can be used to treat the symptoms of supra- 
ventricular tachycardia by creating complete heart block 
and allowing the ventricular rate to be controlled by an 
unplanted pacemaker. Since it was first described in 1982! 
the technique has become an established alternative to 
surgical ablation in patients with supraventricular 
tachycardia that 1s refractory to medical treatment.’ 


Conventional method of ablation 

For conventional ablation 200—300 J shocks are delivered 
via an endocardial wire that is positioned to record an 
optimal His bundle deflection. Patients selected for abla- 
tion usually have atrial flutter or fibrillation, but atrio- 
ventricular nodal re-entry tachycardia and atrioventricular 
re-entry tachycardia through an accessory atrioventricular 
connection may also be treated. 

The technique is largely successful, creating complete 
heart block in 60-80% of patients, and beneficially 
modifying conduction in a further 10-30%. Complete 
failure is reported in around 10%. There are several 
disadvantages to conventional ablation that deserve atten- 
tion: a general anaesthetic is required; a degree of uncon- 
trolled myocardial damage is produced by the explosive 
discharge, as shown by the subsequent rise in cardiac 
enzymes’; there are acute and chronic complications, some 
of which may be severe’ *; a permanent pacemaker must be 
implanted after a successful procedure’; pacemaker func- 
tion may be disrupted if a repeat ablation session is 
necessary’; and there is evidence of diffuse damage to left 
ventricular function in long term studies of exercise 
tolerance after ablation.*? 


Other ablation sites 

When the same conventional technique was applied to 
other myocardial sites it was generally less successful and 
potentially more hazardous.???? The success rate for the 
ablation of accessory pathways!!! was much lower than 
that reported for ablation of atrioventricular conduction, 
with the exception of Warin's group in Bordeaux whose 
innovative catheterisation techniques allowed them to 
overcome many of the deficiencies of the conventional 
technique." Nevertheless, ablation of accessory pathways 
must be regarded as experimental." 

Ablation of ventricular tachycardia was often accom- 
panied by complications! '*" and procedure-related 
mortality was high. The World Registry reported that the 
cure rate was 18% without drugs, with a further 41% of 
patients responding to drugs that had been ineffective 
before ablation; the procedure-related mortality was 8% .? 
Some groups have claimed greater success rates,’ ? but 
because of the high risk the technique must be regarded as 
experimental. 


Direct ablation for atrial arrhythmias” ? has also been 
attempted with conventional techniques. If successful, 
these direct ablations would provide a complete cure 
without the creation of a complete heart block. 

In general, the conventional method 1s not sufficiently 
safe for widespread use to be recommended for other than 
ablation of atrioventricular conduction. Many regard 
conventional ablation as a relatively safe technique in this 
setting, and newly developed methods of ablation are 
always applied initially to the atrioventricular junction 
because it is the safest site. So ablation of atrioventricular 
conduction is a clinical procedure and also a testing ground 
for new methods that may later be more applicable to 
ventricular tachycardia or accessory pathways. 


Aims of ablation 

Creation of complete heart block, and subsequent 
pacemaker dependence, is a drastic solution to supra- 
ventricular tachycardia with a rapid ventricular response. 
A medical treatment that created a complete block would 
not be used, and 1t is not surprising that attempts have been 
made recently?!” to modify rather than destroy atrio- 
ventricular conduction so that the ventricular rate could be 
controlled without the need for a pacemaker. But how long 
do the immediate effects of ablation last? If ablation 
initially increases the PR interval from 0-1 to 0 3 seconds, 
what will be its long term value, and indeed will there be 
any measurable long term effect on atrioventricular con- 
duction? This highlights the difficulties in predicting the 
relation between the shock intensity and the extent of the 
acute lesion produced, and in predicting the eventual size 
of the lesion. The basic mechanisms by which lesions are 
created during ablation procedures, despite extensive 
investigation," ? remain controversial. There is, however, 
no doubt that conventional ablation with high energy DC 
shocks has greater effects in the short term than in the long 
term.” The central area of damage is surrounded by 
considerable oedema and 1f the target structure is within 
this oedematous region, an apparently successful ablation 
may prove to be a failure hours or days later when the 
oedema resolves. In addition, other, more complex 
phenomena that are little understood can result in the late 
appearance" or disappearance of heart block. In our own 
series, one patient mysteriously resumed atrioventricular 
conduction after nine months in complete heart block.? 


Problems and pitfalls 
The major drawback of using high energy shocks and 
conventional electrodes is the highly explosive nature of the 
discharge.” A vapour globe that can be up to 4 cm in 
diameter is formed and can rupture the coronary sinus or 
damage the underlying myocardium. 

lo improve the safety of the procedure, several 
modifications have been proposed. Active fixation of 
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permanent pacing electrodes? reduced the energy required 
for ablation to four shocks of 50 J. More recently the energy 
requirements have been further reduced by use of non- 
arcing DC ablation, which uses a modified power source"! 
and electrode”; the energy required for ablation with this 
system is around 20 J. This method was effective for 
ablation of the atrioventricular node? and also for treat- 
ment of ventricular tachycardia” * and ablation of acces- 
sory pathways. Although the safety margin is improved by 
use of lower energy shocks, the patient still needed general 
anaesthetic. A multicentre international trial is underway 
to assess the technique for ablation of atrioventricular 
conduction. 

The use of radiofrequency energy through standard or 
suction electrode catheters has also achieved much atten- 
tion.” This variation allows most ablations to be performed 
without general anaesthesia, but more importantly a 
graduated effect may be achieved through short applica- 
tions of radiofrequency energy and observation of the 
prolongation of the PR interval. Radiofrequency ablation 
has the disadvantage of being extremely focal: a thermal 
lesion is more localised than an electrical lesion and 
therefore positioning of the electrode catheter must be 
precise. Furthermore, if the electrode at the tip of the wire 
exceeds 100°C it will char the tissue and produce a thermal 
barrier that prevents further effective ablation. Research 
into the better control of tip temperature” ’” may improve 
the results of radiofrequency ablation or modification, 
which are currently only moderately successful. However, 
because a general anaesthetic is not needed the technique 
can be repeated with less harm to the patient than other 
methods of ablation. In addition, doubts remain about the 
applicability of the technique to ablation of ventricular 
tachycardia because the size of the lesion that radio- 
frequency can produce is limited. Presentations“ at the 
1990 Scientific Sessions of the American College of 
Cardiology seemed to indicate a better success rate with the 
low energy DC technique than with radiofrequency abla- 
tion when the object was to produce a complete atrioven- 
tricular block. 

Other techniques of interest are transcatheter lasers” 
(problems of perforation have prevented clinical applica- 
tion so far) thermal loop ablation (again entirely 
experimental), and transcoronary alcohol ablation; this 
latter technique uses selective coronary catheterisation and 
infusion of ethanol to create a limited myocardial lesion. It 
has previously been used as the last resort in cases of 
untreatable ventricular tachycardia,” but very recent work 
in the United Kingdom suggests that better control of 
lesion size may make the technique feasible for ablation of 
atrioventricular conduction.“ 


Conclusions 

The mechanism responsible for the damage created during 
ablation procedures—whether with high energy DC, low 
energy DC, or radiofrequency electrical current—is not 
sufficiently well understood to permit the design of an 
optimal system. Also our understanding of the mechanics 
of conduction through the atrioventricular node is still 
sufficiently vague to hinder our attempts at its modification 
by endocavitary methods. 

What is apparent is the need for further research into 
safer and more reliable methods of ablation if the technique 
is to make the major leap forward that coronary angioplasty 
has made—to be used as an alternative to drug treatment 
rather than as a last resort. If this goal is to be reached, we 
must be able to reliably modify chronic atrioventricular 
conduction with negligible risk to the patient and without 
the need to implant a permanent pacemaker and we must 
also be able to treat the patient with ventricular tachycardia 
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or an accessory pathway with at least moderate success, 
but, above all, without risk. 

The physical specifications of the lesions required for 
ablation or modification of different arrhythmias will vary; 
and so too will the optimal technique. Once this is taken 
into account, and the desire to prove that one system is 
better than all the others in all situations is suppressed, 
ablation research can begin to focus on providing clinicians 
with a set of tools with which they may reliably tackle a 
wide range of clinical tachycardias. 


DAVID CUNNINGHAM 
EDWARD ROWLAND 
Royal Brompton and National Heart Hospital, 
Fulham Road, 
London SW? 6HP 
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Editorial 





Mitral valve surgery: to repair or replace? 


Heart valve prostheses remain imperfect substitutes for the 
native valve. There are problems of tissue failure in 
bioprostheses!? and the drawbacks of long term anti- 
coagulation, predominantly with mechanical prostheses.? 
There is a growing awareness that the native mitral valve 
annulus and chordae tendineae are essential components of 
normal ventricular morphology and function," and 
improved understanding of the pathological anatomy of 
mitral valve disease has encouraged the development of 
operations designed to repair the valve's structural com- 
ponents, singly or in combination.? Improvements in non- 
invasive echocardiography and Doppler ultrasound tech- 
niques allow more accurate preoperative assessment of 
diseased valves’ while refinements in techniques for 
myocardial preservation give more intraoperative time for 
precise evaluation and reconstruction. There is growing 
evidence that mitral valve repair improves short and long 
term survival and is associated with fewer thromboembolic 
complications than valve replacement.*”° 

The simplest conservative procedure, closed mitral 
valvotomy, was reported in 1925” and remains an import- 
ant operation though it is not generally regarded as a 
*repair" procedure. The earliest reports of mitral valve 
repair procedures, suture annuloplasty under direct vision 
and on cardiopulmonary bypass, were in 1957.? ? Initial 
enthusiasm for this procedure was dispelled, however, by 
reports of high operative mortality and loss of clinical 
improvement in up to 50% of patients within three 
years. 21 

Valve replacement because of its more predictable 
results became the recommended procedure for mitral 
insufficiency.” In the early 1970s several groups, most 
notably Carpentier and colleagues, reported that, com- 
pared with replacement, mitral valve repair improved 
survival and functional state and reduced thromboembolic 
complications.*? Recently, more support for repair rather 
than replacement has been generated by David and 
colleagues.” ** They reported a postoperative increase in 
left ventricular end diastolic pressures and decreased 
ejection fractions when the chordae were disrupted in 
patients undergoing valve replacement, compared with 
repair or replacement when these structures were 
preserved.” ^ Others, however, dispute these findings." 

Mitral valve reconstruction ranges from at its simplest, 
commissurotomy, through annuloplasty, to complex repair 
procedures, in which the chordae tendineae are re- 
fashioned and transplanted.$?* * With surgical repair good 
results depend on the precise evaluation of the underlying 
morphology of the mitral valve—its leaflets, annulus, 
commissures, chordae tendineae, and papillary muscles.? 
Carpentier et al produced a classification of leaflet abnor- 
malities and emphasised the need to tailor the repair 
procedure to the exact pathological process; they attributed 
previous poor repair results to a failure to do this.* Complex 
repair procedures have not been widely applied because 
they may be technically more difficult, demand greater 
subjective assessment, require increased intraoperative 
time, and have a longer learning curve and less predictable 


results than replacement (at least in the learning period).”’ 
Intraoperative assessment of the efficacy of repair pro- 
cedures is difficult and not entirely satisfactory. It has, 
until recently, relied on methods such as visual inspection 
for leakage after filling the ventricle, either during ven- 
tricular arrest or with an active beating heart. The increas- 
ing availability of transoesophageal or surface echocar- 
diography at the time of surgery should, however, allow 
improved intraoperative assessment of the repair 
procedure and should reduce the likelihood of an unsatis- 
factory result.” 

Which valves are suitable for reconstruction? There are 
no absolute rules but, generally, regurgitant valves are 
more suitable than stenotic valves for reconstructive 
procedures. One exception is the purely stenotic valve with 
non-calcified and pliable leaflets, predominantly seen in 
younger patients in developing countries. In such countries 
closed valvotomy is the usual treatment because cost 
precludes open valvotomies, which require extracorporeal 
circulation. The cost ofradiographic facilities and catheters 
also controls the use of percutaneous balloon dilatation of 
such valves in developing countries. 

Few surgeons would disagree that the end stage 
rheumatic mitral valve (typified by retracted, fibrotic and/ 
or calcified leaflets, and a fused subvalvar apparatus) 
requires replacement. In contrast, regurgitant mitral valves 
characterised by non-calcified floppy leaflets, annular 
dilatation, and elongated chordae are more amenable to 
repair—as are those with chordal rupture, which is 
frequently associated with floppy valves but may be 
idiopathic. Demographic changes and the decline in the 
incidence of rheumatic heart disease have increased the 
numbers of patients with floppy mitral valves that may be 
suitable for repair procedures. Indeed, pure mitral valve 
incompetence is now most commonly due to the floppy 
mitral valve syndrome (mitral valve prolapse), but such 
incompetence can also be congenital, idiopathic, ischaemic, 
infective, or cardiomyopathic.” 

Duran suggested that up to 40% of all mitral valves are 
suitable for reconstruction” and Carpentier estimated that 
5% of aortic valves, 50% of rheumatic mitral valves, and 
90% of floppy mitral valves are suitable for repair." Floppy 
mitral valve disease was the reason for 40% of the mitral 
valve surgery performed in 1141 patients at the Cleveland 
Clinic between 1985 and 1988 and was usually suitable for 
operative correction.” The procedures needed for surgical 
repair include ring annuloplasty, chordal shortening, 
resection and transposition of a normal leaflet to fill defects 
created by resection of flail leaflets, and occasionally 
transposition of the papillary muscle head.” * 

Several groups reported better short and long term 
survival and functional state accompanied by a reduction in 
thromboembolic and anticoagulant-related complications, 
endocarditis, and the need for reoperation after mitral valve 
repair compared with replacement.?5 Unfortunately, sub- 
stantial differences in preoperative characteristics in the 
repair and replacement groups, which could themselves 
influence outcome, make it difficult to draw conclusions 
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from these studies." The possibility that improved 
survival in patients undergoing repair procedures may 
simply reflect selection of a population with less advanced 
disease is supported in a recent paper by Galloway and 
colleagues.* This group compared operative and late 
results in patients with porcine valve replacements (975), 
mechanical valve replacements (169), and Carpentier type 
mitral valve reconstructions (280). Although operative and 
five year mortality were reduced in the repair group, 
multivariate analysis showed this to be an effect of younger 
age and better preoperative myocardial function rather 
than type of operation. 

In view of the patient numbers and the expense and 
length of follow up that would be required, comparison of 
mitral valve reconstruction and replacement in a prospec- 
tive randomised trial is unlikely; indeed it is questionable 
whether such a trial would be ethical or practical. It is as 
inappropriate to attempt to repair an end stage, calcified, 
retracted mitral valve with a densely fused subvalvar 
apparatus as to replace a stenotic valve with fused, non- 
calcified, pliable leaflets with a prosthetic valve. The 
increasing prevalence of degenerative valve disease and 
growing dissatisfaction with currently available prostheses 
ig likely to result in an increasing number of repair 
procedures despite their being more technically demand- 
ing and requiring greater experience. It is likely, but as yet 
unproven, that reconstructive surgery of the mitral valve in 
appropriately selected patients will give better long term 
results and fewer complications than prosthesis insertion. 

Improvements in non-invasive preoperative assessment 
of diseased valves allow a high degree of accuracy in 
predicting those in whom reconstructive procedures are 
likely to be successful. For rheumatic mitral disease repair 
is virtually always feasible (and highly desirable) for pure 
stenosis without significant calcification; and may be 
achieved by closed valvotomy, particularly if sinus rhythm 
is still present. Where regurgitation is a consequence of 
annular dilatation or the floppy valve syndrome, repair is 
also likely to be successful (as 1t 1s in rheumatic regurgita- 
tion if seen at an early stage). In contrast, the thickened, 
retracted, immobile, and calcified leaflets commonly seen 
in end stage rheumatic mitral valve disease in most Western 
countries are rarely suitable for repair. 
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Systemic pattern of free radical generation during 


coronary bypass surgery 


S W Davies, S M Underwood, D G Wickens, R O Feneck, T L Dormandy, R K Walesby 


Abstract 

Diffuse impairment of ventricular func- 
tion after cardiac surgery may be re- 
lated to the generation during reper- 
fusion of the myocardium of free 
radicals derived from ‘oxygen. Fifteen 
patients undergoing elective coronary 
bypass surgery were studied by pre- 
viously described assays for peroxidised 
lipids and for isomerised lipids which 
were used as indices of free radical 
activity. Serial blood samples were 
obtained from systemic arterial, mixed 
venous, and coronary sinus catheters 
before, during, and after the ischaemic 
period. The patients underwent coronary 
artery surgery on cardiopulmonary by- 
pass with a membrane oxygenator, 
relative hypothermia 30-34'C, and inter- 
mittent cross-clamping of the aorta. 
During the ischaemic periods there were 
no significant changes in the indices of 
free radical activity. During the reper- 
fusion phase there was a significant 
increase in free radical indices in 
arterial and mixed venous blood. A 
small rise in free radical indices in 
coronary venous blood was not statis- 
tically significant. 

These data indicate that free radical 
activity is increased in patients shortly 
after the cessation of cardiopulmonary 
bypass. The pattern of distribution be- 
tween the different sampling sites sug- 
gests that much of the observed increase 
in isomerised and peroxidised lipids 
originates from tissues other than the 
myocardium. 


During coronary artery surgery the heart 
undergoes periods of ischaemia with either 
cardioplegia or aortic cross-clamping and 
induced ventricular fibrillation. There is 
sometimes a significant global deterioration in 
left ventricular function that is attributed to 
this ischaemia and to the subsequent reper- 
fusion.'* Reperfusion is though to generate 
free radicals derived from oxygen when 
oxygen is reintroduced during reperfusion of 
the myocardium.^? Free radicals are chemical 
species with an unpaired electron and are 
highly reactive. Free radicals derived from 
oxygen can damage a wide variety of bio- 
logical molecules including proteins, lipids, 
and nucleic acids. This will impair cell struc- 
ture and function; in particular, damage to 


membrane lipids may allow the influx of ion- 
ised calcium.*? It has been suggested that 
changes in the cell membrane are also respon- 
sible for reperfusion arrhythmias.’ 

Diffuse pulmonary impairment can also 
occur after bypass surgery; this is similar both 
histologically and functionally to the adult 
respiratory distress syndrome associated with 
severe systemic infection or major trauma." 
During cardiopulmonary bypass neutrophils 
were sequestered in the lungs," ? with the 
release of enzymes and the generation of lipids 
damaged by free radicals.!! ?* 

Both the diffuse impairment of ventricular 
function and the pulmonary impairment after 
bypass surgery may therefore be related to the 
generation of free radicals derived from 
oxygen. To investigate this we used two in- 
dependent measures of free radical damage to 
study patients during bypass surgery. 


Patients and methods 

PATIENT SELECTION 

Fifteen patients undergoing elective coronary 
artery bypass grafting gave informed consent 
for the placement of coronary sinus and pul- 
monary arterial catheters and for blood sam- 
pling during the bypass procedure. All were 
men (aged 41 to 67 years (mean age 54)). 
Patients had good left ventricular function as 
judged by the preoperative angiogram (left 
ventricular ejection fraction 75595) and had 
no evidence of pulmonary disease as judged 
by chest x ray, lung volumes, and carbon 
monoxide gas transfer (diffusing capacity). 


PROCEDURE 

After premedication a Baim-Rothman cath- 
eter was inserted into the coronary sinus and 
its position confirmed (a) by obtaining blood 
samples with oxygen saturation « 45% and (b) 
by radiography during the injection of small 
volumes of non-ionic contrast medium. A 
Swan-Ganz catheter was inserted into the 
central pulmonary artery and a radial artery 
cannula was inserted. 

Anaesthesia was induced with a benzo- 
diazepine/narcotic/relaxant sequence and the 
patient was ventilated with 5095 oxygen in 
nitrogen. Anaesthesia was maintained with 
further intravenous or inhalational anaes- 
thetics, as required. Patients were perfused 
during cardiopulmonary bypass with non- 
pulsatile flow from a sheet membrane oxygen- 
ator (COBE membrane lung) with a 2 litre 
crystalloid prime. The surgical technique con- 
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Figure 1 Plasma 
concentrations (mean 
(SEM) ) of 
malondialdehyde during 
cardiopulmonary bypass, 
measured as thiobarbituric 
acid reacting material. 


Figure 2 Molar ratios 
{mean (SEM) } of 
18:2(9,11}{18:2(9,12) m 
plasma free fatty acids 
during cardiopulmonary 
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sisted of sequential myocardial revascularisa- 
tion by vein and internal mammary artery 


grafts with intermittent cross-clamping of the. 


aorta, ventricular fibrillation, and mild 
hypothermia 32-34'C. 

Serial sets of blood samples were drawn from 
the mixed venous site (central pulmonary 
artery during bypass from the venous line to 
the pump), systemic arterial site (radial artery 
cannula), and coronary sinus (Baim-Rothman 


catheter). Blood was drawn into heparinised . 


plastic syringes, and the plasma was separated 
by centrifugation and stored in plastic tubes at 
—20'C. Samples were taken (a) after induction 
of anaesthesia; (b) after systemic heparinisa- 
tion, on cardiopulmonary bypass; (c) during 
the last of the periods of cardiac ischaemia 
(aortic cross-clamping with fibrillation); and 
2,5, and 10 minutes after coronary reperfusion. 


LIPID PEROXIDATION ASSAY 

Material that reacted with thiobarbituric acid 
was measured according to a modification of 
the: fluorimetric method of Yagi."!5 This is 
preferred to the spectrophotometric assay, in 
which bilirubin, glucose, and sialic acid may 
interfere. Volumes in the procedure differed 
from Yagi’s original method in two respects: 
plasma samples of 50 yl rather than 20 ul were 
used, and adduct was extracted into 3 ml butan- 
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Fwure3 Molar ratios (mean ( SEM)) of 18:2(9,11)] 
18:2(9,12) 1n plasma phospholipids during 
cardiopulmonary bypass 


l-ol rather than 5 ml. This increases the 
sensitivity and improves the repeatability of the 
assay. To take into account haemodilution 
during bypass the plasma albumin was deter- 
mined on a Beckman Astra 8 with a 
bromocresol green reagent, and results were 
expressed as grams thiobarbituric acid reactive 
material per gram albumin. 


LIPID ISOMERISATION ASSAY 

In vitro experiments showed that free radicals 
can cause isomerisation of polyunsaturated 
fatty acyl chains withut causing their oxi- 
dation.’ The isomerisation most studied has 
been the conversion of linoleic acid (18:2(9,12)) 
to octadeca-O,]l-dienoic acid (18:2(9,11)), 
which accounts for over 9095 of diene conjuga- 
tion in human plasma, tissues, and tissue 
fluids. A high performance liquid 
chromatographic method can measure both the 
isomer 18:2(9,11) and the parent 18:2(9,12) in 
plasma." Plasma samples were separated into 


‘free fatty acid and phospholipid fractions, and 


these were analysed separately. To take into 
account haemodilution during bypass, the con- 
centration of 18:2(9,11) was expressed as the 
molar ratio of isomerised product to parent 


molecule—that is, 18:2(9,11) x 100%/ 
18:2(9,12). 
STATISTICAL ANALYSIS 


Baseline values of the indices of free radical 
activity varied widely and because a normal 
distribution could not be assumed we used 
non-parametric methods. We used the 
Wilcoxon matched pairs rank test to make 
comparisons between different points in time. 
We adjusted significance values for multiple 
comparisons using the Bonferroni correction. 


Results 

The anaesthetic, bypass, and surgical pro- 
cedures were uncomplicated in all patients and 
between 1 and 4 grafts were performed in each 
patient. All patients bad an uncomplicated 
postoperative course without clinical signs of 


impaired ventricular function with normal 
echocardiographic appearances and no new 
changes in the 12 lead electrocardiogram. 

Initial values of all the free radical indices 
varied widely. Concentrations of material re- 
acting with thiobarbituric acid ranged from 66 
to 145 ng per gram of albumin. The molar 
ratio 18:2(9,11)/18:2(9,12) in the phospholipid 
fraction ranged from 1:45% to 7-57% and the 
molar ratio in the free fatty acid fraction ranged 
from 1 92% to 10-36%. 

During the period of cardiac ischaemia there 
were no significant changes in either concentra- 
tions of material reacting with thiobarbituric 
acid or in the molar ratio at any of the sites of 
sampling. During the reperfusion phase, 
however, there were several significant chan- 
ges. The concentration of material reacting 
with thiobarbituric acid increased significantly 
in arterial blood (p « 001) and in mixed 
venous blood (p < 0-01) but increases in 
coronary sinus blood were smaller and not 
significant (fig 1). The molar ratio 18:2(9,11)/ 
18:2(9,12) in the free fatty acid fraction 
increased slightly after systemic heparinisation 
and the start of cardiopulmonary bypass (fig 2). 
At the time of reperfusion this molar ratio 
increased significantly in mixed venous blood 
(p « 0-01) and in arterial blood (p « 0-05); a 
small increase ın the coronary sinus blood was 
not significant (fig 2). The molar ratio 1n the 
phospholipid fraction increased significantly in 
mixed venous (p « 0-01) and in arterial blood 
(p < 0-05), but again there were no significant 
changes in coronary sinus blood (fig 3). 


Discussion 

Protection of the myocardium so as to minimise 
the impairment of left ventricular function is a 
major concern during cardiac surgery. Left 
ventricular function is an independent deter- 
minant of prognosis in various cardiac con- 
ditions.” It has been postulated that reper- 
fusion injury makes a significant contribution 
to postoperative ventricular dysfunction”; this 
is of considerable practical importance in 
influencing strategies to improve myocardial 
preservation. 

The central role of free radicals derived from 
oxygen in diverse forms of cardiac disease is 
increasingly appreciated." ^ They have been 
implicated in anthracycline cardiotoxicity,” ? 
the cardiomyopathy of thalassaemia and hae- 
machromatosis,?? ? and in selenium deficiency 
cardiomyopathy.??' Most work, however, 
relates to the phenomenon of reperfusion 
injury and the implications for cardiac surgery, 
thrombolysis, and angioplasty.*? Because the 
free radicals themselves are highly reactive, 
with life spans of the order of microseconds or 
shorter, they can only be measured directly in 
tissues and in cell-free systems by electron spin 
resonance spectroscopy (electron paramagnetic 
resonance). The direct detection of free 
radicals in cardiac cells and tissues has so far 
been possible only in vitro and in animal 
experiments.” ?? 

In most studies, free radical activity has been 
inferred indirectly by measurement of bio- 
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logical molecules that have been damaged so as 
to produce unusual products. There are assays 
for damaged proteins and peptides, ^ damaged 
nucleic acids," and damaged lipids.* Lipid 
damage has been studied in particular detail, 
and it is known that oxygen free radicals can 
initiate a self-propagating chain reaction of 
lipid peroxidation”; thus in published studies, ` 
the most commonly used indices of free radical 
activity have been based on lipid peroxidation. 
Best known is the assay of malondialdehyde 
that uses the reagent thiobarbituric acid; there 
are, however, some limitations in the use of this 
assay. Although material reactive to thiobarbi- 
turic acid is mainly derived from cyclic endo- 
peroxides of lipids that are the result of free 
radical damage, it is not entirely specific for 
these.?? Furthermore, some common 
biological substances may interfere with the 
spectrophotometric measurement of such 
material.” 

Also not all free radical damage to lipids 
results in peroxidation, and so will not be 
detected by an assay for malondialdehyde. In 
vitro experiments showed that free radicals can 
cause isomerisation of polyunsaturated fatty 
acyl chains, without causing their oxidation." 
It therefore seems that there are two possible 
pathways of lipid damage after free radical 
interaction (fig 4) and thus an index of each 
pathway is necessary to assess fully the extent 
of lipid damage. The lipid isomerisation most 
studied has been the conversion of linoleic acid 
(18:2(9,12)) to octadeca-O,1l-dienoic acid 
(18:2(9,11)),"** and this formed the basis of 
one of the assays of free radical activity in the 
present study. 

Despite the problems of these indirect 
measurements they have been widely used in in 
vitro models and in animal experiments, and 
suggest considerable generation of free radicals 
at the time of reperfusion, synchronous with a 
further decline in myocardial contractile func- 
tion. Only recently have such measurements 
been attempted in humans—after surgical re- 
vascularisation of the myocardium and during 
angina induced by pacing.” 

It is possible that the generation of free 
radicals derived from oxygen is an epipheno- 
menon and not related to reperfusion damage. 
In several experimental models, however, there 
are parallel changes in the degree of cell damage 
and the level of free radical generation, suggest- 
ing a causative role. If perfusion is restored to 
the ischaemic zone gradually rather than sud- 
denly, both the level of free radical generation 
and the extent of structural and functional 
damage are much reduced.“ Similarly if per- 
fusion is restored with oxygen-free fluid 
equilibrated with 100% nitrogen, and oxygen 
is then gradually reintroduced, there is a 
similar limitation both of free radical genera- 
tion and of damage.” 

Various drugs are thought to protect against 
damage by free radicals derived from oxygen, 
either by limiting their generation or by 
"scavenging" them. These include enzymes 
(superoxide dismutase, catalase), molecules 
with thiol groups (glutathione, captopril), 
mannitol, and chelators of transition metal ions 
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(desferrioxamine). In systems in vitro and in 
animal experiments these drugs both limit the 
generation of free radicals, as judged by elec- 
tron spin resonance spectroscopy and by lipid 
markers, and reduce structural damage, im- 
pairment of contraction, and arrhythmias on 
reperfusion of ischaemic myocardium.” *€* 
The single common feature of these chemically 
diverse drugs is that they reduce the impact of 
free radicals derived from oxygen, and thus the 
above observations strongly suggest that free 
radicals play a causal role in reperfusion injury. 
There has been particular interest in the pos- 
sible benefits of adding these agents to cardio- 
plegic solutions, but despite the large body of 
experimental evidence, drugs for scavenging 
free radicals have yet to be evaluated in clinical 
practice. 

Finally the administration of chemical sys- 
tems that generate free radicals has been shown 
to be injurious, both in vitro and in animal 
models.” The generation of free radicals in situ 
by photochemical reaction also causes severe 
functional and structural changes resembling 
reperfusion injury.” ? Clearly the correspond- 
ing experiments in humans are impossible. 

Permanent global impairment of left ven- 
tricular function is an important though for- 
tunately uncommon complication of coronary 
artery surgery with cardiopulmonary bypass.'? 
It has been suggested that the permanent 
damage arises at the time of reperfusion, as 
opposed to the temporary depression of func- 
tion observed during the period of ischaemia 
itself?* A series of ventricular biopsy 
specimens taken from six patients undergoing 
operative correction of tetralogy of Fallot 
showed diene conjugation, a marker of free 
radical activity, coinciding with myocyte 
necrosis.” In the present study, however, we 
found no evidence of increased free radical 
activity in samples of coronary sinus blood at 
the time of reperfusion. Indeed, there were no 
significant changes in either of the indices of 
free radical damage to lipids in coronary sinus 
blood, during either the ischaemic period of 
fibrillation and cross-clamping, or at 2, 5, and 


10 minutes after coronary reperfusion. In con- 
trast, there were significant increases in these 
indices 1n the systemic blood samples; this 
suggests that much of the observed rise origin- 
ated from tissues other than the myocardium. 

Similar increases in the molar ratio in free 
fatty acid in venous blood were seen in normal 
individuals after the administration of 5 000 
units heparin,” and the increased molar ratio in 
free fatty acid in the present study may simply 
reflect heparinisation. Heparin did not cause 
changes in the molar ratio in phospholipid,” 
and thus cannot account for the increase after 
bypass. The increase in material reactive to 
thiobarbituric acid was proportionally greater 
than the increases in the molar ratio and in the 
absolute concentration of 18:2(9,11). The 
isomer 18:2(9,11) is not a peroxidation product 
and might be expected to increase under 
anoxic, ischaemic conditions rather than on 
reperfusion and reoxygenation. 

None of the 15 patients in the present study 
suffered any measurable impairment of left 
ventricular function, so we do not know 
whether or not severe perioperative left ven- 
tricular impairment would have been asso- 
ciated with an increase in free radical markers 
in the coronary sinus blood. Certainly in these 
patients with uncomplicated procedures the 
increase in free radical markers was least in the 
coronary sinus samples, and did not represent a 
significant change from the baseline value. 

The site of origin of these lipids damaged by 
free radicals is not defined by the present study, 
but other work suggests that the lungs are a 
major source. At the time of restoration of the 
circulation and of perfusion to the heart, per- 
fusion to the lungs is also restored and there is 
evidence of white cell sequestration within the 
lungs. ? Activated components of the com- 
plement system, markers of white cell degran- 
ulation, and markers of free radical activity 
were all detectable in the pulmonary effluent 
blood at this time. ^!* Though few studies 
have attempted directly to link these changes 
with functional or structural impairment, they 
may well underly the diffuse pulmonary im- 
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pairment that is common after bypass and 
which sometimes causes the clinically impor- 
tant syndrome resembling adult respiratory 
distress syndrome.” 


CONCLUSIONS 

The increase in both peroxidised and isomer- 
ised lipids in the systemic circulation during 
the first few minutes of reperfusion was consis- 
tent with free radical damage at this time. This 
rise was least in blood from the coronary sinus, 
suggesting that much of the rise originated 
from tissues other than the myocardium. 
Slightly different patterns of change in lipids 
damaged by free radicals were seen, depending 
on which index of free radical damage was 
used. 

We recommend that further studies should 
(a) specifically sample the coronary sinus as 
well as systemic sites; (b) use more than one 
index of free radical activity to assess reliably 
the total extent of lipid damage via the different 
pathways. The methods and problems of the 
assays of free radical markers have been fully 
described by others.'** Because other factors 
may interfere with the assays diet and drug 
treatment must be monitored. 
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Rapid resolution of ST elevation and prediction 
of clinical outcome in patients undergoing 
thrombolysis with alteplase (recombinant tissue- 
type plasminogen activator): results of the Israeli 
Study of Early Intervention in Myocardial 


Infarction 


Gabriel I Barbash, Arie Roth, Hanoch Hod, Hilton I Miller, Shemuel Rath, 
Yedahel Har-Zahav, Michaela Modan, Uri Seligsohn, Alex Battler, Elieser Kaplinsky, 


Babeth Rabinowitz, Shlomo Laniado 


Abstract 

Alteplase (recombinant tissue-type plas- 
minogen activator (rt-PA)) was infused 
within four hours of onset of symptoms 
in 286 patients with acute myocardial 
infarction. Delayed coronary angiogra- 
phy was performed 72 hours after 
admission with coronary angioplasty if 
indicated. Electrocardiographic moni- 
toring was continuous during the first 
hour of treatment. The sum of the ST 
segment elevations (X ST) was calculated 
on electrocardiograms recorded at entry 
and an hour later. ST elevations resolved 
rapidly within one hour of treatment in 
189 patients and persisted in 97 patients. 
Rapid resolution of ST elevation 
correlated with angiographic coronary 
patency as determined by coronary 
angiography 72 hours after admission. 
The patients with rapid resolution of 
X ST had significantly smaller infarcts 
and a better clinical outcome than the 
patients with persistent ST elevation. 
À ST values at entry and one hour after 
treatment had no additional indepen- 
dent predictive value. Rapid resolution 
of ST elevations in patients undergoing 
thrombolysis with — alteplase was 
associated with a significantly smaller 
release of creatine kinase, better 
preservation of left ventricular function, 
lower morbidity, and less short and long 
term mortality. Rapid resolution of £ ST 
elevation is an efficient indicator of clin- 
ical outcome in groups of patients with 
acute myocardial infarction undergoing 
thrombolysis with alteplase. 


Thrombolytic treatment in acute myocardial 
infarction has been shown to be effective in 
preserving the ventricular ejection fraction’? 
and reducing short and long term mortality.’ * 
Although 60 to 70% of treated patients can be 
successfully reperfused,’ thrombolytic treat- 
ment fails in a substantial proportion. These 
“non-responsive” patients have a significantly 
high mortality rate?" and may therefore be 


candidates. for emergency angioplasty or 
coronary artery bypass surgery. We need early 
reliable indicators to distinguish between 
patients who will respond favourably to 
thrombolytic treatment and those who will 
not. 

Coronary angiography immediately after 
treatment is the most accurate way to 
document coronary artery patency. However, 
only a few medical centres can provide timely 
angiographic evidence of reperfusion for each 
patient with myocardial infarction. Although 
resolution of pain and of ST segment eleva- 
tion have been proposed as markers of 
myocardial reperfusion," ? it was recently 
argued that these markers are inadequate in 
predicting recanalisation of the infarct artery 
after thrombolytic treatment.!! 7 

The purpose of the Israeli Study of Early 
Intervention in Myocardial Infarction was to 
identify possible correlates of clinical outcome 
in patients with acute myocardial infarction 
after treatment with alteplase (recombinant 
tissue-type plasminogen activator (rt-PA)). 
Intravenous alteplase was given to 289 
patients with acute myocardial infarction. The 
end points included evaluation of left ven- 


. tricular function, morbidity, and mortality. 


This report describes the value of rapid 
resolution of ST segment elevations as an 
early clinical predictor of patient outcome. 


Patients and methods 

PATIENTS 

The Sheba and Tel Aviv Medical Centres 
together have more than 2000 beds for acute 
cases. Both are regional hospitals serving a 
defined population of over one million. In 
October 1986 a collaborative study was started 
to examine the clinical outcome of patients 
with acute myocardial infarction undergoing 
early thrombolysis with alteplase and delayed 
coronary angiography. Patients were recruited 
via the emergency ward and by the mobile 
intensive care teams. The study protocol was 
approved by both institutional committees on 
human research and all participating patients 
gave their informed consent. 
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The entry criteria were age <73 years, 
severe chest pain for >30 minutes (but no 
longer than four hours), ST segment elevation 
of 0-1 mV in at. least two contiguous elec- 
trocardiographic leads, no left bundle branch 


block on the qualifying entry electrocar- 


diogram, no congestive heart failure before 
admission, no history of cardiac surgery, dias- 
tolic blood pressure « 120 mm Hg, no history 
of terminal illness, no bleeding predisposition 
(that is, oral anticoagulant treatment, recent 
trauma, past bleeding history, or cerebrovas- 
cular accident during the past six months). 


THROMBOLYTIC REGIMEN 
A total dose.of 120 mg alteplase (11035, 
supplied by Boehringer Ingelheim, West Ger- 
many) was given during a 6 hour infusion that 
consisted of a 10 mg bolus followed by a 
continuous infusion of 50 mg during the first 
hour, 20 mg in the second bour, and 10 mg 
during each of the following four hours. 
Concomitantly, a bolus of 5000 IU of 
heparin was infused followed by 25 000 IU per 
24 hours. The dose was adjusted to keep the 
activated partial thromboplastin time 1 5 to 2 
times the baseline. Heparin infusion was con- 
tinued for at least five days except when 
patients underwent a successful coronary 
angioplasty (then heparin treatment was stop- 
ped after 24 hours); bled, or were referred for 
urgent (before discharge) coronary bypass sur- 
gery (then heparin was continued until opera- 
tion). Aspirin (250 mg) was given daily after the 
first 24 hours and continued during the follow 
up. Conventional antianginal and anticonges- 
tive treatment was used as needed. All patients 
were treated prophylactically with 2 g of 
intravenous lignocaine for the first 24 hours. 


CORONARY ANGIOGRAPHY AND PERCUTANEOUS 
TRANSLUMINAL CORONARY ANGIOPLASTY 

All patients underwent coronary angiography 
72 hours after treatment began unless because 
of their clinical condition they needed earlier 
catheterisation. Five patients died before 
coronary angiography could be done, and in 
four patients coronary angiography was not 
performed because of unstable haemodynamic 
function. Patients with a reduction of > 50% in 
the luminal diameter of the infarct-related 
artery had angioplasty during the same session 
unless the infarct artery was a small branch and 
not important; when the lesion was regarded as 
unsuitable for angioplasty; or if they were 
referred for coronary bypass surgery because of 
three vessel coronary disease, or left main or 
left main equivalent disease. Tbe clinical res- 
ponse to the thrombolytic treatment (ST 


resolution as specified below), was not a factor 


in the decision to perform mechanical revas- 
cularisation. 

The patency of the coronary arteries was 
evaluated at each laboratory by a consensus 
reading of all angiograms by two angiographers 
who were unaware of the patient’s clinical 
course except for the site of the infarction 
shown on the electrocardiogram. The severity 
of coronary artery disease was determined by 
visual assessment of the reduction in luminal 


diameter (percentage stenosis) and the Throm- 
bolysis in Myocardial Infarction Trial 
(TIMI)” gradings of perfusion of each coron- 
ary artery and its major branches. The success 
of angioplasty was evaluated visually and 
improvement was defined as a reduction in 
lumen stenosis >20% and a final lumen sten- 
osis of <60%. 


LEFT VENTRICULAR FUNCTION 
During hospital stay each patient underwent 
three radionuclide studies to assess left ven- 
tricular function: the first as soon as possible 
after admission, but not later than 48 hours 
(mean (SD) time 22 (17) hours), the second 
immediately before the 72 hour coronary cath- 
eterisation, and the third at discharge. 
Radionuclide studies were done with an 
Elscint Apex 415 digital gamma camera in the 
nuclear cardiology laboratories next to the 
coronary care unit. À multigated equilibrium 
blood scan was done in the anterior and 45° left 
anterior oblique projection with red blood cells 
labelled in vivo with "Tc (20 to 25 mCi). The 
left ventricular ejection fraction was measured 
in the 45° left anterior oblique projection. A left 
ventricular time activity curve correlated to 
background was used to calculate the global 
ejection fraction semiautomatically. All radio- 
nuclide examinations and the left ventricular 
ejection fraction were assessed by the same two 
experienced cardiologists who were unaware of 
the clinical course of the patients examined. 
For purpose of analysis, the left ventricular 
ejection fraction at discharge was considered to 
be zero for the four patients who died before 
discharge. 


PATIENT EVALUATION 

All patients stayed in the coronary care unit for 
at least 24 hours. Patients scored their level of 
pain from 1 to 10 with the pain level before 
treatment defined as 10. Significant relief of 
pain was defined as a reduction of at least 50% 
within one hour after the start of alteplase 
infusion. Serial 12 lead electrocardiogram trac- 
ings were obtained every three hours during 
the first 24 hours and at least once daily 
thereafter until discharge. In addition, a 12 lead 
electrocardiogram was obtained every 15—30 
minutes during the first two hours of treatment 
or until the ST segment elevation was resolved. 
Blood samples for creatine kinase were collec- 
ted every three hours during the first 24 hours. 
The creatine kinase MB isoenzyme fraction 
was calculated from the sample in which the 
creatine Kinase concentration was highest. 
After discharge, patients had follow up clinic 
visits at 2, 6, and 12 months and once annually 
thereafter. Surviving patients completed a one 
year follow up. 


CLINICAL DEFINITIONS 

Infarction—The diagnosis of myocardial 
infarction was based on the occurrence of 
ischaemic chest pain lasting > 30 minutes and 
accompanied by ST segment elevation of at 
least 0 1 mV in two contiguous electrocar- 
diographic leads, followed by either an increase 
in the serum concentration of the creatine 
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ST resolution after thrombolysis 


Characteristic 


Male (°,) 
Age (mean (SD)) 
Anterior infarction C9 


Yo) 
Single vessel disease (o, )* 
Mean (SD) systolic BP 


Mean (SD) ume to treatment (min) 


kinase MB fraction of > 595, or the appearance 
of new Q waves not present on the initial 
electrocardiogram. Abnormal Q waves were 
those lasting 20-02, at least 4 mm deep, and 
>25% of the height of the ensuing R wave all 
in leads other than aVR or VI. 


Rapid resolution of ST segment elevation.—Asin 
earlier reports," '* we calculated the sum of ST 
segment elevations (2 ST) on the electrocar- 
diograms recorded at admission and 1 hour 
after treatment. Electrocardiograms were 
evaluated within the first 24 hours after admis- 
sion by two independent observers, one from 
the coronary care unit treating the patient and 
one observer who was not involved in the care 
of these patients. In cases of disagreement, a 
third opinion was sought. Resolution of ST 
segment elevation was defined as a decrease of 
at least 50% of the baseline 2 ST elevation. 


Patency.—A: TIMI grade of 2 or 3 signified 
patency of the infarct related coronary artery. 
Occlusion of the infarct-related artery was 
defined as TIMI grade 0 or 1.5? 


Clinical prognostic groups.—Patients were 
categorised as having a first infarction in the 
anterior or inferior wall or a history of infarc- 
tion irrespective of the location of the current 
infarction. ' 


STATISTICAL ANALYSIS 

Group data are expressed as mean (SD) for 
continuous variables or as rates (percentage) 
for categorical variables. For continuous vari- 
ables we used the Mann-Whitney rank sum test 
for univariate comparisons of differences be- 
tween patients with and without rapid resolu- 
tion of X ST because the variance in some of the 
variables was unequal. For categorical vari- 
ables, we used the Y? or, when appropriate, 
Fisher's exact test for 2 x 2 tables. Logistic 
regression analysis (Biomedical Computer 
Programs, University of California, Berkley 
CA-BMDP program LR) was performed wth 
rates of each of the following six outcomes as 
the dependent variable: immediately abnormal 
( <50% ejection fraction) left ventricular func- 
tion, abnormal left ventricular function at dis- 
charge, congestive heart failure at discharge, Q 


, wave infarction, angiographic occlusion of the 


coronary artery, and mortality. 
BE effect of the following independent risk 


Table 1 Baseline characteristics of patients with rapid ST elevation and without 


Rapid reduction Persistent elevation 
of ST elevation of ST elevation 
n»189 (100%) n—97(10095) p Value 
160-0 (84 7) 83 0 (83 0) 0 97 
566 (95) 586 (8-9) 0 09 
68-0 (36 0) 44-0 (45 4) 
970(513 28 0 (28 9) 0 05 
24 0 (12 4) 25 0 (25 7) 
87 0 (46 0) 4Y 0 (42 3) 0 94 
125-7 (22 1) 127 2 (28 ^ 0-94 
123 7 (51 2) 112 4 (43 6 0-0531 


*Excluding five patients who died before coronary angiography was performed and two patents 
who did not have coronary angiography t because therr ER CLE condition was unstable. 


BP, blood pressure 


tANOVA test for unequal variances. á 
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variables related to 2 ST change on the out- 
come variables was analysed: persistent ST 
elevation (<50% reduction in X ST) for at 
least one hour after treatment began, X ST at 
admission, 2 ST one hour after the start of 
treatment, and the ratio of the two Z ST values 
as continuous variables. Additional indepen- 
dent risk variables were: persistence of chest 
pain for at least one hour after the start of 
treatment, number of diseased coronary ves- 
sels, clinical prognostic group, age, sex, and 
smoking. The independent risk ratios (with 
9595 confidence intervals) associated with each 
of the independent variables were derived from 
the logistic coefficients. 


Results 

PATIENTS' BASELINE DATA 

Two hundred and eighty six patients were 
eligible for thrombolytic treatment. Of these, 
169 were admitted via the emergency ward and 
117 patients were brought in by the mobile 
intensive care units. The mean (SD) time from 
onset of symptoms to treatment was 2-0 (0:6) 
hours. 

Table 1 shows the demographic and clinical 
characteristics of patients at entry. In 189 
patients (66-095) we saw rapid resolution of ST 
segment elevation, whereas in 97 patients 
(33-995) ST segment elevation persisted des- 
pite an hour of alteplase infusion. The two 
groups were generally comparable. In the 
group of patients with rapid resolution of ST 
elevation, however, anterior wall infarction was 
less common, previous infarction was more 
common, and the time from onset of symptoms 
to the start of treatment was longer (124 (51) v 
112 (44) min respectively, p = 0-053). In the 
patients with anterior wall infarction with rapid 
resolution of ST elevation and in those with- 
out, baseline £ ST elevation was 18:3 (9-4) and 
22:3 (12-8) respectively (p = NS). In those 
with inferior wall infarction, baseline © ST 
elevation was 8-4 (4-2) in those with rapid 
resolution of ST elevation and 10-5 (6-8) in 
those without (p = NS). The baseline 2 ST 
elevation in patients with previous infarction 
was similar in patients with rapid resolution of 
ST elevation and those without (11:8 (5:5) v 


15-3 (9-9), p = NS). 


In 10 patients the initial clinical picture of 
myocardial infarction was not confirmed by an 
increase in the activity of the MB isoenzyme 
fraction of creatine kinase or the development 
of new Q waves on their electrocardiograms. 
All 10 patients showed rapid resolution of ST 
elevation. We present the results for the total 
group, because exclusion of these patients from 
analysis did not affect the differences between 
the patients with rapid ST resolution and the 
patients with persistent ST elevation. 


PAIN RESOLUTION 

Pain resolved quickly in 153 (85:9%) of 178 
patients with rapid resolution of ST elevation 
and in only 21 (22-395) of 94 patients with 
persistent ST elevation (the change in pain was 
not recorded in 11 patients with rapid ST 
resolution and in three patients with persistent 
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Figure 1 Peak serum 
concentration of creatine 
kinase during the first 24 
hours in patients with 
rapid resolution of ST 
elevation and without 
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ST elevation) (p < 0-0001). The outcome of 
the 25 patients with rapid resolution of ST 
elevation but no pain resolution resembled that 
in the 153 patients who had resolution of both 
pain and ST segment elevation. The 21 
patients with abrupt pain relief but no ST 
resolution resembled the 73 patients with per- 
sistent pain and ST elevation (data not shown). 
Consequently, data are categorised by the 
presence or absence of rapid resolution of ST 
segment elevation, irrespective of pain resolu- 
tion. 


MYOCARDIAL ENZYME KINETICS 

Rapid resolution. of ST elevation was 
associated with significant limitation of infarct 
size as reflected by a smaller creatine kinase 
peak (fig 1) and total release of creatine kinase 
over the first 24 hours (sum of all samples 
measured as area under the curve) (table 2). 
Total 24 hour creatine kinase release was 
significantly lower in patients with rapid 
resolution of ST elevation in all prognostic 
clinical groups than in patients with persistent 
ST elevation (table 2). 


LEFT VENTRICULAR FUNCTION 

Patients with rapid ST resolution and those 
without differed markedly in the preservation 
of their left ventricular function. Both the 
proportion of patients whose left ventricular 
ejection fraction was normal immediately after 
admission (> 5095) and at discharge (fig 2) and 
the mean ejection fraction (table 3) were sig- 
nificant higher in the group with rapid resolu- 
tion of ST elevation. T'his difference was more 
prominent in the patients with anterior wall 
infarction ‘than in those with inferior wall 
infarction or old infarction. However, left ven- 
tricular function at admission and at discharge 
was better in patients with inferior wall infarc- 


4 y Persistent ST elevabon 
i KS Rapid ST resolution 






Patents (%) 


Creatine kinase peak (IU) 


Table 2 Total release of creatine kinase in 24 h in patients with rapid reduction of ST 


segment elevation and without 





Rapid reduction of ST elevation 

Yes No 
Patient group nt IU (SD) nt IU (SD) p Value* 
Total 173 5248 (4265) 84 10 553 (7762) <0 0001 
Anterior infarction 65 6014 (4790) 37 13 408 (9441) <0 0001 
Inferior infarction 88 4939 (3973) 25 7691 (4382) 0 0002 
Previous infarction 20 4118 (3354) 22 9002 (6062) 0 0015 





*Mann-Whimey rank sum test. 


tExcluding 16 of 189 patients with rapid reduction of ST elevation and 13 of the 97 patients 
with persistent ST elevation. In these 29 patients incomplete sampling prevented calculation of 


the total release of creaune kinase. 


tion than in the other two groups. The mean 
left ventricular ejection fraction determined by 
ventriculography during cardiac catheterisa- 
tion on the third day after admission was also 
significantly higher in the patients with rapid 
ST resolution (59 (13) v 49 (13), p « 0:0001). 


CLINICAL OUTCOME 

The proportion of patients who underwent 
mechanical revascularisation procedures was 
similar in patients with rapid resolution of ST 
elevation and in those without. Thus of the 189 
patients with rapid resolution of ST elevation, 
124 (65-695) had angioplasty or bypass 
procedures, and 52 (53 6%) of the 97 patients 
with persistent ST elevation underwent 
mechanical revascularisation. 

Coronary angiography was performed 4-0 
(1-7) and 4-1 (2:1) days respectively after enrol- 
ment of the patients with rapid ST resolution 
and the patients with persistent ST elevation. 
Coronary angioplasty was performed 4-7 (1-4) 
and 3-8 (2-0) days respectively after enrolment 
in the patients with rapid ST resolution and the 
patients with persistent ST elevation (p = 
NS). In both groups, about a quarter of the 
coronary interventions were performed within 
the first 72 hours. Coronary angioplasty was 
successful in 96% of the patients with rapid ST 
resolution and 94% of the patients with persis- 
tent ST elevation. 

At discharge, patierfts with rapid resolution 
of ST elevation had a better outcome in terms 
of a significantly lower incidence of congestive 
heart failure (defined as requirement for 
digoxin or diuretics at discharge) and a higher 
incidence of non-Q wave infarction (fig 2 and 
table 4). This difference was more pronounced 
in the patients with anterior infarctions. 


MORTALITY 

Thirteen patients (4:595) died within 60 days of 
infarction; eleven of these died in hospital 
(3 8%). Patients with rapid resolution of ST 
elevation had a lower 60 day mortality (3/189 v 
10/97, p — 0-0015). Of the 10 patients with 
persistent ST elevation, one patient with 
anterior wall infarction died of ventricular 
fibrillation 10 minutes after treatment began. 
In the remaining nine patients (six with 
anterior wall infarction and.three with inferior 
infarction) cardiogenic shock developed, and in 
two patients a ruptured myocardium was even- 
tually found. T'wo of the three patients who 
responded to the alteplase infusion with rapid 
resolution of ST elevation had an anterior wall 
infarction and the third had an inferior wall 
infarction. In all three patients acute reinfarc- 
tion with cardiogenic shock developed—in two 
within hours of coronary angiography and 
angioplasty. 

Five additional patients died between 2 and 
24 months after infarction (mean follow up 
tme of 24-3 (3-4) months). Three of these 
patients originally did not show ST segment 
resolution: two patients died two and three 
months later of reinfarction and cardiogenic 
shock and the third died three months later of 
anaphylactic shock (non-cardiac death). Two 
additional patients who initially responded 
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ST resolution after thrombolysis 


Figure 2 Climcal 
outcome in patients with 





rapid resolution of ST 70 q 
elevation and without. Rapid ST resolution 
LVEF, left ventricular 2 - Persistent ST elevation 
ejection fraction; CHF, s 
congestive heart failure. g 
: 40 
1 ME 
S mes = 
X EN dl e "d 





Normal LVEF — Normal LVEF CHF at 
after admission at discharge discharge infarction 


Table 3 Left ventricular ejection fraction in patients with rapid reduction of ST 
segment elevation and without 


Rapid reduction of ST elevation 
Yes l No 
Patient group . n LVEF* (SD) n LVEF (SD) p Value* 
Total population 
Immediate LVEF 165f 52 (13) Bit 41 (15) <0 0001 
Discharge LVEF 184t 55 (12) 861 44 (14) <0 0001 
Anterior wall infarcuon , 
Immediate LVEF 53 46 (13) 37 33 (11) <0 0001 - 
Discharge LVEF 66 * 53(14) 40 39 (14) <0 0001 
Inferior wall infarction: 
Immediate LVEF 91 57 os 25 55 (11) 0-44 
Discharge LVEF 96 58 (9 ` 26 53 (12) 0 052 
Old infarction à 
Immediate LVEF 21 46 (15) 19 38 (12) 0 09 
Discharge LVEF 22 49 (16) 20 41 (11) 0 09 


*Mann Whitney rank sum test < - ' 
TExcluding 40 1mmediate and 16 discharge radionuclide ventriculographies that were missing or 
were not suitable for interpretanon The discharge LVEF was nomunally O m the 11 patients 
who died before discharge. 

LVEF, left ventricular ejection fraction (%). 


Table 4 Climcai outcome m patients with rapid reduction of ST elevation and without 





Rapid reduction of ST sagment elevation 


Characteristic Yes (75). No (%) p Value 
Congesuve heart failure i 
Total population 8/189 (42) 18/97 (18-5) <0 001 
Anterior infarction 3/68 i 4) 8/44 (16 6) 0 017 
Inferior infarction . 2/97 (20) 2/28 (7-1) ` 0-21 
Previous infarction 3/24 (125) 8/25 (32 0) 0-10 
Non-Q wave infarction: 
Total populanon* . 54/189 (28 6) 8/96 x <0 001 
Anterior infarction 24/68 (35 3) 1/43 (2:3 <0 0001 
Inferior infarction 25/97 (20 8) ; 5/28 (17 9) 0-54 
Previous infarction 5/24 (20 8) 2/25 (80) 019 





*Excluding one patient who died within 10 minutes of the start of treatment and in whom Q 
wave infarction did not develop i 


Figure 3 Cumulative 
mortality (95) of patients 
with rapid resolution of 

ST elevation and utthout. 
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with rapid resolution of pain and ST segment 
elevation died: one in the third month of a 
ruptured septic aortic aneurysm and the other 
after eight months of hepatic malignancy. T'hus 
overall mortality among the 97 patients with 
persistent ST elevation was higher than that in 
the 189 patients with rapid resolution of ST 
elevation (13-495 v 2-695, p < 0-0007) (fig 3). 


CLINICAL MARKERS AND ANGIOGRAPHIC PATENCY 
Table 5 shows the correlation between the 
clinical response to thrombolytic treatment and 
patency of the infarct artery during coronary 
angiography after three days. At that time the 
patency rate of the infarct artery was higher in 
patients with rapid resolution of ST elevation 
(86:695 v 76 195, p = 0-04). 

In contrast with the strong association bet- 
ween a favourable clinical outcome and rapid 
resolution. of ST segment elevation, the 
patency of the infarct artery at 72 hours was not 
associated with less creatine kinase release, 
preservation of left ventricular function, or 
lower morbidity after alteplase thrombolysis 
(table 6). Total mortality among angiogra- 
phically assessed patients was lower in those 
with a patent infarct artery (eight of 231 v 5 of 
46, p = 0-01). Even when the five deaths in 
patients who did not survive to angiography 
were included, persistent ST elevation was 
more common than occlusion of the infarct 
artery among patients who died (13 patients 
with persistent ST elevation compared with 
five patients with an occluded infarct artery 
among 18 who died). 


MULTIVARIATE ANALYSIS OF FACTORS AFFECTING 
THE CLINICAL OUTCOME VARIABLES 
Preliminary logistic regression analysis 
indicated that there were four measures related 
to the change in the ST elevation after treat- 
ment—that is, the continuous variables 2 ST at 
admission; 2 ST one hour after treatment 
initiation; ratio of this value to the admission £X 
ST; or the categorical definition of <50% 
reduction of X ST from admission level (persis- 
tent ST elevation)-—but only the last variable 
was strongly associated with all outcome vari- 
ables and excluded the other three variables 
from the model. Consequently, the final 
analysis was done with persistent X ST eleva- 
tion alone. 

The analysis evaluated the effect of each risk 
variable on each of the outcome variables after 
its association with other risk variables is taken 


Table 5  Patency rate (95) of the infarct related artery 
at 72 hour coronary angiography and presence of rapid 
reduction of ST elevatton according to site of infarction 


Rapid reduction of ST 

segment elevation 

Yes No p Value 
Total population* 86 6 76:1 0 043 
Anterior infarction 93 9 80 5 0 035 
Inferior infarction 814 85 7 041 
Previous infarction 86 9 555 0 0224t 


*Excluding five patients who died before coronary 
angiography dnd four patients in whom coronary angiography 
could not be performed because they were haemodynamically 
unstable 

TFisher's exact test. 
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Table 6 | Clinical outcome in patients with a patent and an occluded infarct artery 


Infarct artery patent Infarct artery occluded 

n Units ( SD) n Umts (SD) p Value 
Creaune kinase peak (IU) 231 1260 (1271) 46 1231 (1068) 0 88 
Creatine kinase AUC* 212 6390 (6294) 40 6816 (4997) 0 94 
Immediate LVEF (%) 202 43 (14) 42 48 (15) 0 98 
Discharge LVEF (%) 225 52 (14) 41 50 (12) 0 34 
Congestive failure (94) 13/230 (5 6) 5/45 11s 1) 0 15 
Non-Q wave infarction (96) 54/231 (23 4) 9/46 (19-6) 0 71 
Total mortality (%) 8/231 (3 4) 5/46T (10 8) «0 051 


* AUC, area under the curve representing the total release of creatine kinase during the first 24 hours after admission. 


Excluding five pauents who died before coronary angiography 
Fisher's exact test 
VEF, left ventricular ejection fraction. 


into account. For instance, the group with 
rapid resolution of ST segment elevation con- 
tained a greater proportion of patients with 
inferior wall infarction, which is itself 
associated with a more favourable outcome. 


Multivariate analysis gave a net risk ratio. 


(relative risk of the group with rapid ST 
resolution and those without) for each out- 
come, which took into account the effect of the 
initial advantage. This analysis indicated that 
after accounting for all other risk variables, 
persistent ST elevation was associated with an 
independent, highly significant increased risk 
of all outcome variables, including infarct 
artery occlusion rate. It is noteworthy that 
abrupt resolution of pain had no independent 
predictive value for any of the outcome varia- 
bles. Also, the value of the admission 2 ST had 
no additional independent predictive value for 
clinical outcome. 

Factors that had additional prognostic effect 
on left ventricular function included the clin- 
ical prognostic group, presence of three vessel 
coronary artery disease, age, and sex. Factors 
affecting congestive heart failure included clin- 
ical prognostic groups and age. In addition to 
rapid resolution of ST elevation, only the 
patient's prognostic group was predictive of 


. mortality. 


Discussion 

The most conclusive evidence of reperfusion is 
the angiographic demonstration of recanalisa- 
tion of an infarct related artery shown to be 
occluded during pre-treatment coronary 
angiography. However, to minimise the delay 


‘before treatment and to conserve costs most 


current thrombolytic protocols no longer 
include pre-treatment catheterisations./5 Our 
medical centres, like many others, cannot 
routinely support immediate coronary 
angiography for all patients treated by throm- 
bolysis. Moreover, recent results of the TIMI 
phase II,’° TAMI (Thrombolysis and Angio- 
plasty in Myocardial Infarction)," and the 
European Cooperative? trials suggest that after 
successful thrombolysis, immediate coronary 
angiography and angioplasty may not be neces- 
sary. When  post-thrombolytic coronary 
angiography is deferred for a few days, the 
patency rate reflects both the spontaneous and 
the (pharmacologically induced coronary 
thrombolysis. Thus without early angiographic 
evidence of reperfusion, we are left with its 


clinical surrogates to identify patients with an 
unfavourable prognosis. 

Our data indicate that the rapid resolution of 
ST segment elevation was significantly 
associated with a more favourable clinical out- 
come. In part, this more favourable outcome 
may have been related to the better baseline 
clinical characteristics in this group. However, 
even after the effect of this initial advantage was 
accounted for by multivariate analysis, this 
early clinical sign of reperfusion was significan- 
tly associated with a smaller infarct, as eviden- 
ced by a smaller release of creatine kinase, 
better preservation of left ventricular function, 
and significantly lower morbidity and mor- 
tality. Moreover, resolution of ST segment 
elevation was a better predictor of clinical 
outcome, including mortality, than was the 
patency rate determined by coronary angiogra- 
phy three days after admission (table 6). Mul- 
tivariate analysis showed that the better out- 
come in the patients with rapid ST resolution 
was independent of their better baseline status 
(that is the lower rate of old or anterior wall 
infarctions or both as well as the initially lower 
£ ST) Our analysis indicates that the 
categorical variable of 50% resolution from the 
initial Z ST elevation to the one hour 2 ST 
value was also superior to the change in X ST as 
a continuous variable. 

These findings are consistent with those of 
the open-label phase of the TIMI Trial in 
which a decline in ST elevation from entry to 
two hours correlated with better left ven- 
tricular function in patients with acute myocar- 
dial infarction treated by thrombolysis.” ST 
segment elevation resolved more rapidly in 
patients treated with streptokinase than in the 
control group. ? Also, ST segment elevation 
decreased significantly within one and three 
hours after treatment in patients with confir- 
med angiographic reperfusion. *?! 2 

Despite this evidence, it was recently argued 
that clinical markers of reperfusion were 
inadequate predictors of early recanalisation of 
the infarct artery after thrombolytic treat- 
ment. In our patients, rapid resolution of ST 
elevation was associated with a higher patency 
rate in the infarct-related artery three days after 
treatment began. The difference in the patency 
rate between the two patient groups, though 
significant, was small (86-7 v 76-9% ). In view of 
this small difference in patency between the 
two groups, how could resolution of ST eleva- 
tions predict the clinical outcome of our 
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ST resolution after thrombolysis 


patients who were treated with thrombolysis? 
Moreover, how can the high patency rate in the 
group with persistent ST elevation be recon- 
ciled with their unfavourable outcome? 

It could have been argued that angiography 
72 hours after thrombolysis does not reflect the 
patency rate when alteplase infusion ended and 
that in patients with persistent ST elevation an 
earlier angiography would have detected lower 
patency rates. However, the patency rate 
(7695) we saw (at 72 hours) in patients with 
persistent ST elevation was significantly higher 
than the 40% rate reported in patients with a 
three day old myocardial infarction who were 
not treated by thrombolysis.” Thus coronary 
thrombolysis was successful in a substantial 
proportion of our patients with persistent ST 
elevation. But perhaps reperfusion was more 
effective in patients with rapid ST resolution 
than in those with persistent ST elevation. The 
effectiveness of the reperfusion may have been 
influenced by additional factors such as the 
existence of subtotal coronary occlusion or 
good collateral circulation, the rate and 
promptness of coronary artery recanalisation, 
and the residual stenosis in the infarct artery. 

Thus rapid resolution of ST segment eleva- 
tion may indicate a more effective reperfusion 
leading to a better clinical outcome. This 
possibility is supported by the fact that in the 
multivariate analysis rapid resolution of ST 
segment elevation was associated with a sig- 
nificantly favourable outcome with respect to 
all outcome variables after the effect of all 
baseline variables was accounted for. When ST 
segment elevation persisted despite one hour of 
alteplase thrombolysis, reperfusion was prob- 
ably less effective even when angiographic 
patency was eventually seen. Because mechan- 
ical revascularisation procedures were perfor- 
med to a similar extent in both groups, this 
factor could not have accounted for the better 
outcome of patients with rapid resolution of ST 
elevation. 

Abrupt resolution of pain, though it was 
much more common among patients with rapid 
ST resolution, did not have any additional 
predictive power when combined with rapid 
resolution of ST elevation. However, as a sign 
of reperfusion, pain resolution is not very 
specific, partly because of the use of analgesics. 
Nevertheless, the outcome in patients with 
rapid resolution of ST elevation but persistent 
ischaemic pain was similar to that in patients 
with resolution of both pain and ST elevation. 

As a general strategy, immediate post- 
thrombolytic coronary angiography has 
profound practical limitations. Round-the- 
clock catheterisation laboratories are available 
in only a few medical centres. So after throm- 
bolytic treatment in myocardial infarction 
there is a need for early, bedside, clinical 
measures to evaluate patients’ response to 
treatment. Despite the strong association of 
rapid ST resolution with a more favourable 
outcome, it is limited in the identification of 
high risk patients who may need more vigorous 
treatment. This was shown by the finding that 
among patients with depressed left ventricular 
function, congestive heart failure, or Q wave 
infarction, > 50% still had rapid resolution of 
ST elevation. 
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While rapid resolution of ST elevation may 
be a less effective indicator for the individual 
patient it is still a predictor of a better outcome 
and in patients treated by thrombolysis it can 
be used as a measure of the effectiveness of 
treatment in different subgroups. 


We thank L Zalman, R Nash, and their teams for help in 
performing this study, P Einstein and Z Halevi for helping to 
coordinate this study, L Zoln for her help with the statistical 
analysis, and L Underhill for her help with preparing this paper. 
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Does blood rheology revert to normal after 


myocardial infarction? 


E Ernst, U Krauth, K L Resch, H F Paulsen 


Abstract 

After myocardial infarction there is 
an acute deterioration of the flow 
properties of blood. The present study 
was designed to test whether the ab- 
normality persists. Blood and plasma 
viscosity, red cell aggregation and 
deformability, haematocrit, erythrocyte 
sedimentation rate, white cell count, 
cholesterol, and triglycerides were 
measured in 51 patients who had had a 
myocardial infarction 5:4 (mean) years 
before. Results in patients and controls 
were compared and matched pairs with 
identical cardiovascular risk factors 
were also selected. Blood viscosity and 
red cell aggregation were increased and 
red cell deformability was decreased in 
the 51 patients. The abnormalities were 
independent of the interval since in- 
farction and persisted for years. 

The rheological abnormalities present 
after myocardial infarction are at least 
partly independent of the acute event 
and acute phase reactions. They contri- 
bute to the reduced perfusion of the 
microcirculation of the heart. 


Blood rheology represents the viscous com- 
ponent of the total peripheral resistance.! Its 
influence on perfusion in various vascular 
beds increases when the vasomotor reserve is 
limited.^ The main determinants of blood 
viscosity (a crude indicator for the flow 
properties of blood) are: haematocrit, plasma 
viscosity, red cell aggregation, and red cell 
deformability.! 

After acute myocardial infarction the blood 
becomes more viscous.? If this is a transient 
acute phase reaction its effect on the perfusion 
of the heart will not be important; but 
persistent rheological abnormalities could 
contribute to the hypoperfusion of the myo- 
cardium and might be of pathophysiological 
importance.” We tested haemorrheological 
variables in patients years after the acute 
phase of myocardial infarction. 


Patients and methods 

PATIENTS 

We studied 51 (six women and 45 men) 
consecutive patients aged 39-60 (mean (SD), 
54-9 (5-0)) admitted to our rehabilitation unit 
with confirmed (clinical signs, electrocardio- 
gram, enzymes) acute myocardial infarction 
from 2 months to 20 years before (mean 5-4) 


(table 1). We excluded those aged > 60 years, 
those with malignancies or acute or chronic 
inflammatory diseases, and those taking 
medications with effects on  rheological 
variables. We used the same criteria to select a 
control group of 20 patients at the same clinic 
without a history of infarction. 


METHODS 

Venous blood was drawn according to a 
standardised protocol and anticoagulated with 
12-5 U/ml lithium heparin. Immediately after- 
wards the following tests were carried out in 
triplicate: (a) blood viscosity at 37°C and 
defined shear rates measured by the LS 30 
rotational viscometer (Contraves)5; (b) blood 
viscosity (as above) at a standardised 
haematocrit of 45%’; (c) haematocrit (micro- 
haematocrit centrifuge); (d) plasma viscosity 
at 37°C (Coulter-Harkness viscometer)’; 
(e) red cell aggregation by a newly developed 
technique where the difference of the maxi- 
mum reading of blood viscosity at very low 
(0-7 s7') shear rate and the value 45 seconds 
after maximum is taken as a measure of the 
energy needed to disaggregate red cells’; 
(f) red cell deformability measured as 
blood viscosity at high shear divided by plasma 
viscosity (high values indicate low deform- 
ability); (g) leucocyte count (TOA cell 
counter); (A) total cholesterol (Boehringer 
assay); (t) serum triglyceride concentration 
(Merck assay); (7) erythrocyte sedimentation 
rate in the first hour (Westergren). 


STATISTICAL ANALYSIS 

We used the Kolmogoroff-Smirnov goodness 
of fit test to test all interval scaled data for 
normal distribution. Then we ‘used three 
different statistical approaches: (a) the patient 
group was compared with the control group by 
the unpaired t test (p significant at « 0-05); 
(b) the paired t test (p significant at « 0-05) was 
applied to 20 pairs of patients and controls who 
were matched for cardiovascular risk profiles; 
(c) patients were grouped according to the 
interval since myocardial infarction (group A 
«2 years, group B 2-5, group C >5). For 
analysis of variance we used the Kruskal-Wallis 
test (software package SPSS/PC+ 3-0) (p 
values of « 0-05 were regarded as significant). 


Resuits 

Comparison of matched pairs showed that 
standardised blood viscosity was significantly 
higher in patients at all shear rates. Plasma 
viscosity, haematocrit, and leucocyte count 
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Table 1 Data on patients and controls 








Patients Controls 
(n(%)) (n (%)) 
Male 45 17, 
Female 6 3 
Age (yr): 
Mean (SD) 54 9 (5 0) 54 3 (6 0) 
Range (39-60) (38-60) 
Weight (kg): 
Mean (SD) 78 1 (9-3) 78 3 (10 6) 
Range (61 5-105) (62-109) 
Concornitant risk factors: 
Hypertension 23 (45) 15 (75) 
Hyperlipidaemia 33 (65) 6 (30) 
Currently smoking 4 (8) 5 (25) 
Ex-smokers 37 (73) 11 (55) 
Diabetes mellitus 14 (27) 5 (25). 
Concomitant treatment: 
B blockers 18 (35) 3 (15) 
Calcium antagonists 20 (39) 6 (30) 
Diuretics 12 (24) 1 (5) 
Nitrates 31 y 0 (0) 
Aspirin 21 (41) 0 (0) 
Fibrates 1002) -* 2 (10) 
Uncosurics 9 D 1(5) 
ACE inhibitors 2 (4) 1(5) 
Digitalis 7 (14) 0 (0) 





ACE, angiotensin converung enzyme. 


were almost identical in matched pairs of 
patients and controls but red cell aggregation 
and erythrocyte sedimentation rate were nearly 
twice as high in patients. Red cell deformability 
was significantly reduced and blood lipid con- 
.centrations were similar in the two groups 
(table 2). 

A comparison of the patient and control 
groups showed that the triglyceride concentra- 
tion, erythrocyte sedimentation rate, and blood 
viscosity readings were significantly higher in 
the patients. All the other results were similar 
to those in the matched pairs comparison (table 
2). The interval since acute myocardial infarc- 


Table 2  Rheologtcal variables in patients and controls 


Matched pairs 


Panents (P) (m= 20) 
v Controls (CO) (n=20) 
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tion had no effect on any of the variables (table 
3). Native blood viscosity tended to increase 
with time since infarction, while red cell 
aggregation and standardised blood viscosity 
(at lower shear rates) remained almost un- 
changed. Blood viscosity at high shear rates 
and red cell deformability tended to fall. 
Differences between subgroups were signifi- 
cant only when the control group was entered 
into the analysis. 


Discussion 

The plasma concentration of fibrinogen 
increases immediately after acute myocardial 
infarction." This in turn increases plasma and 
blood viscosity" and red cell aggregation.” 
Reduced deformability of red and white cells 
has also been reported after the acute event.!* ? 
We found that almost all these rheological 
changes persisted long after an acute myo- 
cardial infarction. Analysis of variance clearly 
showed that the rheological changes were not 
influenced by the interval since the acute event. 
Even in the long term there were no significant 
alterations in the rheological variables we 
studied. 

One hypothesis is that the “rheological 
deficit" in such patients is not solely the 
consequence of the infarction but exists 
independently of it. Thus it might influence 
perfusion of the myocardium, particularly its 
microcirculation: normal blood is fluid when 
shear forces are high and viscous when they are 
low.' The changes in blood rheological vari- 
ables that we detected must amplify this effect. 
Furthermore, vasoregulatory functions are 
impaired in the ischemic heart? so it may not be 
possible to increase flow to compensate for 


Groups: 
Toral eroi (TG) (nz: 51) 
v Controls (CO) (n= 20) 


Vanable 


BV native at D =94 5 s^! (mPa s) 
BV native at D —2 4 s'! (mPa s) 
BV native at D =0 7 s? (mPa s) 


BV (HCT =45%) at D 94 5 $^ (mPa s) 
BV (HCT =45%) at D»2 4 s`’ (mPa 8) 
BV (HCT =45%) at D = 0 7 s! (mPa 8) 


RBC aggregation (units) 
RBC deformability (units) 


Haematocrit (%) 


ESR (mm/1h) 


PY (mPa s) 


Leucocytes (x 10/1) 


Cholestero! (mmol/l) 


Triglycerides (mmol/l) 





BV, blood viscosity; D, shear rate, HCT, ha 


blood cells. 


Group Mean (SD) 


See Oro Om Or Qo Orr Oro” ois E" 


P Group | Mean (SD) p 
5-26 (0 54) TG 5 38 (0 55) < 005 
5 10 (0 44) CO 5 10 (0-44) 
17-62 5 65) TG 18 73 (3 76) 
17 45 (2 67) CO 17 45 (2 67) 
32 34 (7:54) TG 34 57 (8 10) < 005 
31 48 (5-46) CO 31 48 (5 46) 
5 19 (0 32) «005 TG 5 18(032) < 0-01 
4-88 to 41) CO 4 88 (0-41) 
17 08 (2 17) < 005 TG 17 36 (2 05) «001 
15 90 (1 83) CO 15 90 (1 83) 
31 38 (5-49) « 001 TG 31 62 (5 05) «001 
28 07 (3 87) CO 28 07 (3 87) 
6 10 (2 19) « 0001 TG 6 79 (2 70) « 0001 
3 88 (1 31) CO 3 88 (1 31) 
4:24 (0 26) < 0 001 TG 4 18 ^ 26) « 005 
3 93 (0-33) CO 3 93 (0 33) 
10 TG 46 1 (3 49) 
46 8 (3 09 CO 46 8 (3 09) 
8 65 (10 16) TG 7 92 (7 55) < 001 
4 55 (3 66) CO 4 55 (3 66) 
1 23 (0 06) TG 1-24 (0 06) 
1:25 (0 06) CO 1 24 (0 06) 
6 20 (1 59) TG 7 00 t 27) 
6 78 (2 10) CO 6 78 (2 10) 
6-10 (1 09) TG 6-28 (1 09) 
6 08 (116) CO 6 08 (1 16) 
1 89 (1506) TG 2:21 T 89) «005 
1 64 (0 66) CO I 64 (0 66) 


ematocnt, PV, plasma viscomty, ESR, erythrocyte sedimentation rate, RBC, red 
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Table 3 Rheology 1n relation to time after myocardial tnfarstion 








Variable Group " Mean ( SD) pl p2 
i = 945 s! (mPa- 0-1 5-31 (0 45) 
ici. " 2-5 yr 542(04 | 0 870 0-093 
> 5yr 22 5.51 (0-66 (p & 01) 
Controls 20 5-10 (0 44) 
BV nati D=2 48" (mPa 0-1 18 0 (2 5) 
iiu d : 25 yt 18 703 ; 0 801 0-395 
> 5yr 22 19-1 (4:5 
Controls 20 17:5 (2T) 
BV native at D =0 7 s^ (mPa s) 0—1 yr 32-1 (6-0) 
2-5 yr 34 8 c 4) 0-580 0 296 
> 45 yr 35 5 (9 5) 
Controls 31 5 (5:5) 
BV (HCT =45%) at D —94 5 s! (mPa s) 0-1 yr 5-26 (0-32) 
x i 2-5 yt 5-21 (0 31) 0 084 0 002 
> 5yr 5 08 (0-30) (p « 0:1) (p« 001) 
Controls 4:88 (0 41) 
BV (HCT =45%) at D =2 4 5” (mPa:s) 0-1 yr 17-6 (1:5) 
2-5 yr 17-7 (2 4) 0 387 0 031 
> Syr 16 9 (1-9) (p« 005) 
Controls 15 9 (1 8) 
BV (HCT =45%) at D =0 7 s? (mPa:s) 0—1 yr 31:3 (4 2) 
2-5 yr EPA 0 663 0 050 
> 5yr 30-9 (4 (p « 0 005) 
Controls 28-1 (39) 
RBC aggregation (units 0-1 yr 6°78 (2-80) 
2-5 yr 6 87 (2 62) 0 863 0 000 
> 5yr 6 72 (2-85) (p < 0 001) 
Controls 3 88 (1 31) 
RBC deformability (units) 0-1 yr 4 20 0:22) 
2-5 yr 426 (0-22) 0 123 0 002 
-5yr 4 10(0 26) (p < 6-01) 
Controls 3 93 (0 33) 





pl=probability (Kruskal-Wallis ANOVA) that the means of three subgroups of patients with history of acute myocardial 
infarction (AMI dating back < 2 years, 2-5 years, > 5 years at time of measurements) do not differ from each other. 
p2= probability (Kruskal-Wallis ANOVA) that the means of all four subgroups (controls, AMI dating back < 2 years, 2-5 years, 


> 5 years at ume of measurements) do not differ from each other. 


See footnote to table 2 for abbreviations. 


(local) hyperviscosity. This means that the flow 
properties of blood could be a significant 
determinant of blood flow in hypoperfused 
areas of the heart. 

Evidence from other studies supports the 
above hypothesis. A rheological deficit similar 
to the one we found after acute myocardial 
infarction, was found in patients with coronary 
artery disease." This deficit is related to the 
extent of the coronary atherosclerosis.? There 
are several reports of patients in whom angina 
was followed by infarction and the rheological 
abnormality was detected before the infarction 
took place." The presence of rheological 
changes before and long after myocardial 
infarction implies that the abnormality cannot 
be solely the result of tissue necrosis and acute 
phase reactions. 

Cardiovascular risk factors too are associated 
with discrete but significant rheological 
changes (for review see”). But they are unlikely 
to have contributed to the present results, 
because the results of the matched pairs study 
were the same as in the group analysis. Our data 
showed that the abnormality of blood rheology 
in patients with a history of myocardial infarc- 
tion was independent of the acute event. The 
findings suggest that rheological mechanisms 
contribute to hypoperfusion in coronary artery 
disease. 
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Prospective evaluation of a protocol for induction 
of sustained ventricular tachycardia in patients 
referred to a tertiary centre 


M J Griffith, N J Linker, D Mehta, D E Ward, A J Camm 


Abstract 
All eight stages of a stimulation protocol 


_ that used one then two extrastimuli from 


the right ventricular apex in sinus 
rhythm and three ventricular drive rates 
(100, 120, and 140 beats/min) were per- 
formed in 24 patients with recurrent 
spontaneous sustained ventricular 
tachycardia despite drug treatment. 
Twenty two of the patients had sustained 
a previous myocardial infarct and 18 
were on long term treatment with 
amiodarone. Sustained (>30 s) ven- 
tricular tachycardia was induced in all 
patients. Two extrastimuli were sig- 
nificantly more likely to induce sus- 
tained ventricular tachycardia than one 
extrastimulus, both overall and 
individually for the three ventricular 
drive rates. À ventricular drive rate of 
140 beats/min was significantly more 
likely to induce ventricular tachycardia 
than ventricular drive rates of 100 and 
120 beats/min which were significantly 
more effective than sinus rhythm. A ven- 
tricular drive rate of 140 beats/min with 
one or two extrastimuli induced ven- 
tricular tachycardia in 23/24 (95%) of the 
patients in this study. 

The full eight stage protocol was pro- 
gressive separately for both extrastimuli 
and ventricular drive rate but the last 
two stages (ventricular drive rate of 140 
beats/min with one or two extrastimuli) 
were as effective as the entire protocol in 
inducing ventricular tachycardia. 


Programmed ventricular stimulation is per- 
formed in patients with recurrent sustained 
ventricular tachycardia either as part of sertal 
drug studies to identify suppressive treatment 
or to localise the origin by activation map- 
ping.“* Most protocols are performed as a 
fixed series of steps in the belief that each 
successive stage both adds to the overall sen- 
sitivity and individually is more likely to 
induce tachycardia than the previous step. 
Although different stimulation protocols have 
been assessed as a whole for their ability to 
initiate tachycardia, the relative likelihood 
that individual stages of the protocol will 
induce ventricular tachycardia has not been 
evaluated. Consequently, it is not known 
whether the steps in a stimulation protocol 
are, individually, increasingly likely to induce 
tachycardia or are a random sequence of 
equally effective steps.’ ô 


To evaluate the relative sensitivity and 
specificity of individual steps within a stimu- 
lation protocol, we performed all eight stages, 
irrespective of whether sustained ventricular 
tachycardia was induced at any stage. 


Patients and methods 

The study was performed prospectively in 
consecutive patients undergoing programmed 
ventricular stimulation as a baseline for ser1al 
drug testing to design appropriate treatment. 
Patients gave their written informed consent 
before they entered the study. All antiarrhyth- 
mic drugs (except amiodarone) were stopped 
for at least five half lives before the study. The 
patient was starved for at least four hours 
before the study and no premedication was 
given. All patients had previously undergone 
cardiac catheterisation to exclude critical 
coronary artery disease. 

Patients were included if the induced ven- 
tricular tachycardia was sustained, haemo- 
dynamically stable, and could be terminated 
by programmed stimulation. Patients with 
haemodynamically unstable ventricular tachy- 
cardia, associated severe angina, or uncon- 
trolled left ventricular failure were excluded. 
Ventricular tachycardia was defined as non- 
sustained if there were six or more beats of 
tachycardia with spontaneous termination 
within 30 seconds and sustained if the tachy- 
cardia lasted more than 30 seconds. Patients 
whose tachycardia required intervention to 
terminate their arrhythmia before 30 seconds 
were not included 1n this study. The tachy- 
cardia was described as “uniform” if no 
change was seen in the configuration of 
tachycardia and “‘clinical’’ if it was identical in 
configuration to a 12 lead electrocardiogram of 
spontaneous tachycardia. The electrophysio- 
logical diagnosis was established by conven- 
tional criteria with His and atrial electro- 
grams.' 

The programmed stimulation protocol was 
based on that described by Zehender et al and 
Brugada and Wellens?$ and used an electrode 
in the right ventricular apex. The stimulation 
pulse wasa2 ms square wave with an amplitude 
of twice the diastolic threshold. The stimula- 
tion procedure was recorded with an eight 
channel Siemens-Elema Miungograf chart re- 
corder. A standard 12 lead electrocardiogram 
was always recorded in sinus rhythm and if 
tachycardia was initiated. One and then two 
extrastimuli were introduced during sinus 
rhythm and after three ventricular drives of 
eight beats at 100, 120, and 140 beats per 
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Figure 1 First eight 
stages of the protocol 
recorded 1n V6 at a paper 
speed of 25 mm/s. Stages 
one, three, five, and seven 
were one extrastimulus tn 
sinus rhythm and after 
ventricular drive rates of 
100, 120, and 140 beats] 
min. Stages two, four, six, 
and eight were two 
extrastimul in sinus 
rhythm and after the three 
ventricular drive rates. In 
this patient (case 21) 
sustatned ventricular 
tachycardia was tnduced 
in stages four, six, and 
eight. It had the same 
configuration m all 12 
leads, but the tachycardia 
:nduced at stage eight was 
faster (RR = 280 ms 
compared uith 330 ms at 
stages four and six). 
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minute (fig 1). The extrastimulus was intro- 
duced in late diastole (20 ms less than the 
pacing cycle length) and its coupling interval to 
the last driven beat was then reduced by 20 ms 
decrements until the effective refractory period 
was reached. The effective refractory period 
was established more precisely by 10 ms 
decrements. The first extrastimulus coupling 
interval was then increased to 20 ms beyond the 
effective refractory period and the second 
extrastimulus was introduced in late diastole 
(20 ms less than the ventricular drive cycle 
length) and again reduced by 20 ms decre- 
ments. If sustained ventricular tachycardia was 
induced it was terminated electively after 30 
seconds with conventional pacing techniques. 
When tachycardia was induced, the next stage 
of the protocol was performed after a three 
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minute pause to allow the sinus rate to return to 
baseline. If sustained tachycardia was induced 
only after three extrastimuli, the protocol was 
terminated and the patient was not included in 
this study because of the concern that three 
extrastimuli might provoke ventricular 
fibrillation. ? 


ANALYSIS 

We used Student's paired : test to compare the 
rates of tachycardia induced at each stage and 
McNemar’s test for matched samples with 
Yates's continuity correction to compare the 
relative proportions of patients in whom ven- 
tricular tachycardia was induced at each stage. 


Results 

A total of 41 patients was considered for the 
study. Non-sustained tachycardia only was 
induced in eight patients, three patients were 
haemodynamically unstable during tachycar- 
dia, one patient had a significant stenosis of the 
left main coronary artery, sustained tachycar- 
dia was inducible only with burst pacing or 
three extrastimuli in three patients, and no 
tachycardia was induced in two patients. 
Twenty four patients entered the study with 
inducible sustained ventricular tachycardia. 
Three of these patients also had non-sustained 
tachycardia induced at an earlier stage of the 
protocol. All 24 patients had presented with 
sustained ventricular tachycardia. The table 
shows the details of individual patients. Most 
(22/24) of patients had ischaemic heart disease 
(all had suffered a myocardial infarction more 
than one month before), two patients had 
congestive cardiomyopathy, and 18 of the 
patients were receiving long term treatment 
with amiodarone. The table shows the results 
of the programmed stimulation for each 
patient. In two patients non-clinical stable 
uniform ventricular tachycardia only was 
induced. No multiform or haemodynamically 
unstable ventricular tachycardia or ventricular 


Results of each stage of the stimulation protocol in each patient 


Stage 
Patient 
No. Age Sex Disease 1 
1 63 M NH 
2 62 M IHD 
3 75 F IHD 
4 63 M THD S 
5 65 M IHD 
6 50 M IHD 
7 56 M IHD 
8 56 M IHD 
9 66 M IHD 
10 52 M IHD 
11 57 M IHD 
12 57 M IHD S 
13 58 F IHD 
14 49 M IHD 
15 62 M IHD 
16 57 M IHD 
17 64 M THD 
18 64 M IHD 
19 67 M IHD 
20 77 F IHD 
21 57 M IHD 
22 47 M NH 
23 68 M IHD 
24 51 M THD 


2 3 4 5 6 7 8 

NS S 

S S S 

S S S 

S S 

S S S 

S S S S S S 

S S S S 

S S S S S S 

S S 
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S S S S S 

S S S S 

S S 

S S S 

S S 

NS S 

S 

NS S 

S S S S S S 
S 

S S S 

S S 

S 

S S S 


THD, ischaemic heart disease, NH, normal heart, NS, non-sustained ventricular tachycardia; S, sustamed ventricular techycerdis. 


Stimulation of ventricular tachycardia 


Figure 2. Ventricular 
tachycardia induced at 
each stage 1n the 24 
patients in whom 
tachycardia was sustained, 
expressed as a percentage 
of the total. P was 
calculated by McNemar’s 
test for matched pairs with 
Yates's correction. 


Figure 3 Cumulative 
total of induced 
ventricular tachycardia 
during sinus rhythm and 
during each ventricular 
drive rate for the 24 
patients with sustained | 
ventricular tachycardia 
for one and then two 
extrastimul. P was 
calculated by McNemar’s 
test for matched pairs with 
Yates's correction. 





fibrillation was induced after stable ventricular 
tachycardia had been induced at a previous 
stage in any patient. In the patients where 
ventricular tachycardia was induced at more 
than one stage the RR interval of ventricular 
tachycardia induced at the later stage (mean 
(SD) 357 (89) ms) was not significantly shorter 
(paired ¢ test) than that of the ventricular 
tachycardia induced at the earlier stage (mean 
375 (08) ms). 

Figure 2 shows the proportion of patients in 
whom sustained ventricular tachycardia was 
induced at each stage. Double extrastimuli and 
faster ventricular drive rates increased the 
proportion of patients in whom ventricular 
tachycardia was induced. The difference bet- 
ween one and two: extrastimuli was significant 
(p « 0 01) overall and individually for the three 
ventricular drive rates but only approached 
significance in sinus rhythm. Extrastimuli in 
sinus rhythm induced ventricular tachycardia 
in a much lower proportion of patients than any 
of the other stages except one extrastimulus 
with a ventricular drive rate of 100 beats/min 
(fig 2). In ascending order of effectiveness the 
sequence was stages 3, 1, 2,5, 7, 4,6, 8. Figure 3 
shows that the likelihood of inducing ven- 
tricular tachycardia was progressively greater 
for both an increasing number of extrastimuli 
and for faster ventricular drive rates. At a 
ventricular drive rate of 140 beats/min one or 
two extrastimuli were significantly more effec- 
tive at inducing ventricular tachycardia than 
during either sinus rhythm or after ventricular 
drive rates of 100 or 120 beats/min (p < 0-05). 
At all the ventricular drive rates extrastiniuli 
were significantly more likely to induce ven- 
tricular tachycardia than during sinus rhythm 
(p < 0-05). The difference between ventricular 
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drive rates of 100 beats/min and 120 beats/min 
was not significant. 

In only one patient (case 20) was ventricular 
tachycardia not induced with one or two extra- 
stimuli delivered after a ventricular drive rate 
of 140 beats/min when ventricular tachycardia 
had been induced at an earlier stage. Ven- 
tricular tachycardia was induced by one extra- 
stimulus but not by two extrastimuli in two 
patients and only by two extrastimuli in 15 
patients. 


Discussion 

This study examined the sensitivity and 
specificity of individual steps in relation to the 
other steps in an eight stage protocol. The 
patients had been referred for electrophysio- 
logically guided treatment of recurrent, drug 
resistant ventricular tachycardia. In this 
population the purpose of programmed ven- 
tricular stimulation was the induction of sus- 
tained ventricular tachycardia, either as part of 
serial drug testing or to allow activation map- 
ping of the origin(s) of the tachycardia. 

Complete suppression of inducibility of ven- 
tricular tachycardia has a positive predictive 
value of 90-95% for an arrhythmia free clinical 
course,’ but continued inducibility has a lower 
negative predictive value, with recurrent arr- 
hythmias occurring in 40-85% of patients.!? 
Complete suppression is relatively ratet? but 
there is evidence that if induction of tachycar- 
dia is made more difficult by drug treatment 
then this also predicts a good clinical response 
to that drug.?* To assess accurately the ease or 
difficulty of induction, the relative ability of the 
individual steps in a protocol to induce tachy- 
cardia must be known. 

Other studies showed that use of one or two 
extrastimuli from the right ventricle apex in 
sinus rhythm after three ascending ventricular 
drive rates of 100, 120, and 140 beats/min gave 
a cumulative increase in the proportion of 
patients in whom ventricular tachycardia could 
be induced.?? In these studies the data were 
cumulative, with the induction of clinical ven- 
tricular tachycardia as the end point and the 
independent contribution of each stage was not 
assessed. When the percentage of patients who 
had ventricular tachycardia induced at each 
stage was calculated, a similar pattern was 
observed to that seen in this study; though 
stage 6 (120 beats/min and two extrastimuli) 
was more successful at inducing ventricular 
tachycardia than stage 8 (140 beats/min and 
two extrastimuli)) The major difficulty in 
interpreting their data was that the later stages 
were performed only on a subset of the popula- 
tion because those patients who had had ven- 
tricular tachycardia induced at an earlier stage 
were excluded. In contrast, in our study all 
eight stages were performed in each patient and 
we showed that stage eight alone was more 
effective in inducing ventricular tachycardia 
than stages four or six, which in turn were more 
effective than stage two. Our data also showed 
that two extrastimuli were more likely to 
initiate ventricular tachycardia than was a 
single extrastimulus. Where both non-sustained 
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and sustained ventricular tachycardia were 
induced in an individual, the sustained ven- 
tricular tachycardia was always induced when a 
faster ventricular drive rate was used. 

On the basis of these results it would be 
logical to rearrange the order to produce a 
graded protocol. The initial steps would be a 
single extrastimulus in sinus rhythm and after 
drive rates of increasing rate, followed by 
double extrastimuli. This would represent a 
more truly progressive protocol than the 
original protocol because two extrastimuli after 
a drive rate of 100 beats/min were a more 
vigorous test than one extrastimulus after a 
drive rate of 140 beats/min. The drive rate of 
120 beats/min could be omitted because this 
was not significantly different from 100 or 
140 beats/min (supported by the study by 
Borggrefe er al"). 

This study showed that the two stages, one or 
two extrastimuli with a ventricular drive of 140 
beats/min, were nearly as sensitive (95%) as the 
eight stage protocol in our group of patients. 
Therefore, it seems logical to perform only 
these two stages if inducibility of tachycardia 
was the only end point (that is, for activation 
mapping). 

The patient population was not prospec- 
tively selected but was obviously biased by 
referral by other centres of patients with drug 
resistant, sustained ventricular tachycardia. 
This patient group closely reflects that seen in 
our clinical practice. Most (22/24) patients had 
had a previous myocardial infarction and many 
(18/24) were taking amiodarone. This limits 
the generalisation of the results to other groups 
of patients, though centres that perform 
programmed stimulation are likely to ex- 
perience a similar referral pattern. Our results 
are consistent with those reported in patients 
with ischaemic heart disease not taking amio- 
darone.*?? The mechanism of tachycardia in 
our patient population was reentry in the 
myocardium due to localised slow conduction, 
the basis of nearly all sustained uniform ven- 
tricular tachycardia.’ The results are not 
applicable to patients with right ventricular 
outflow tract tachycardia (due probably to 
triggered automaticity) which may be more 
easily induced with slower drive rates or the 
addition of isoprenaline.? 

The design of this study was constrained by 
ethical considerations. Published reports sup- 
port graded stimulation in serial drug testing’ 5; 
therefore it was important to identify the 
weakest stimulation stage that induced tachy- 
cardia if the stimulation protocol was being 
performed as part of serial drug testing. If a 
random order of stimulation had been followed 
in this protocol then all stages would have to be 
performed, which may have necessitated multi- 
ple DC cardioversion in patients who would 
otherwise have been excluded (because of 
haemodynamically unstable tachycardia). The 
results may therefore reflect a sequence effect. 
However, they do not show a simple sequence 
because single extrastimuli induced significan- 
tly less ventricular tachycardia than double 
extrastimuli. There was also a pause after 
termination of each ventricular tachycardia 
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before we went on to the next stage. Three 
extrastimuli were not included in the trial 
because of the associated high risk of non- 
clinical multiform ventricular tachycardia or 
ventricular fibrillation.?? !! 14, 

This study examined the relative (not 
absolute) sensitivity and specifidity of the 
individual steps within this protocol, which 
were close to the consensus," and did not 
explore other controversies in programmed 
stimulation. The use of multiple sites in the 
right and left ventricle is probably not practical 
in serial drug studies. In screening procedures 
the use of a third extrastimulus or a faster drive 
rate were shown to be as sensitive as using the 
right ventricular outflow tract??? or left ven- 
tricular pacing sites." Increasing the strength 
of the current to decrease the refractory period 
does not seem to increase sensitivity but may 
decrease specificity. 1? "° 

Different stages of the protocol did not in- 
duce different configurations of ventricular 
tachycardia. This was probably a direct result 
of limiting the number of extrastimuli to two in 
patients with systained ventricular tachycardia. 
'This suggests that if a non-clinical ventricular 
tachycardia is induced initially, increasing the 
ventricular drive rate or number of extrastimuli 
(up to a maximum of two) 1s unlikely to induce 
the clinical tachycardia; two patients in this 
trial had only non-clinical tachycardia induced. 
Ventricular fibrillation or haemodynamically 
unstable ventricular tachycardia were not in- 
duced at a later stage 1f stable ventricular 
tachycardia had been induced initially in any 
patient. This suggests that while the later 
stages of this protocol were more likely to 
induce ventricular tachycardia, they were not 
more likely to induce ventricular fibrillation or 
a very rapid ventricular tachycardia. The rate 
of ventricular tachycardia induced at a later 
stage was not significantly faster than the 
tachycardia induced at an earlier stage. T'hus if 
only a ventricular drive rate of 140 beats/min 
and one or two ventricular extrasystoles were 
used to induce ventricular tachycardia for map- 
ping or screening purposes it would be no more 
likely to provoke a faster or more unstable 
tachycardia than would result from running 
through the full protocol. 

This study and earlier reports support the 
concept that an increase in the number of 
extrastimuli and an increase in the drive rate 
independently increase the likelihood of the 
induction of ventricular tachycardia. We 
recommend that when programmed electrical 
stimulation is used to assess drug treatment a 
single extrastimulus should be introduced dur- 
ing sinus rhythm and then after two ventricular 
drive rates at 100 beats/min and 140 beats/min. 
Double extrastimuli should then be introduced 
during sinus rhythm and after this the two 
ventricular drive rates may be added, produc- 
ing a six stage protocol. If the aim of the study is 
only to induce tachycardia (for mapping) then 
the protocol should start with one and two 
extrastimuli after a ventricular drive at 140 
beats/min. This study suggests that this two 
stage protocol has nearly the same sensitivity 
(in the population studied) as the full eight 
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stage protocol. If these two steps fail to induce 
tachycardia then three extrastimuli or pacing at 
a different site may be necessary to balance the 
increase in sensitivity with the decrease in 
specificity. 
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Placebo controlled trial of xamoterol versus 
digoxin in chronic atrial fibrillation 
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Abstract 

Thirteen patients in chronic atrial 
fibrillation with a normal resting heart 
rate but with exercise tachycardia and 
episodes of bradycardia were ran- 
domised to treatment periods of two 
weeks on xamoterol (200 mg twice daily), 
low dose digoxin, or placebo, in a blind 
crossover study. The results (mean 
SEM) of symptom scores, a treadmill 
exercise test, and 24 hour ambulatory 
electrocardiographic monitoring were 
obtained. Xamoterol improved symp- 
tom scores and controlled exercise heart 
rate better than digoxin. Xamoterol was 
better than digoxin or placebo in reduc- 
ing the heart rate response to exercise 
and tended to improve exercise duration. 
Xamoterol, by reducing the daytime 
maximum hourly heart rate and 
increasing the night time minimum 
hourly heart rate, significantly reduced 
the difference between the two compared 
with placebo. In contrast, digoxin tended 
to reduce both the maximum and min- 
imum hourly heart rates through day 
and night. Both the frequency and dura- 
tion of ventricular pauses were reduced 
by xamoterol but tended to increase with 
digoxin. 

Xamoterol reduced both the circadian 
variation in ventricular response to 
atrial fibrillation and exercise tachycar- 
dia by modulating the heart rate accord- 
ing to the prevailing level of sympathetic 
activity. These changes were translated 
into symptomatic benefit for the patients 
studied. 


Medical treatment of chronic atrial fibrillation 
has largely concentrated on the control of 
tachycardia. However, recent 24 hour ambu- 
latory electrocardiographic studies empha- 
sised the wide circadian variation in heart 
rate in chronic atrial fibrillation,’ and the 
importance of episodic ventricular standstill.” 
Tachycardia of more than 140 beats/min 
associated with bradycardia of less than 
50/min and nocturnal pauses of up to 4:0 s are 
commonly found in patients thought to be 
optimally treated.' In fact, digoxin, the most 
widely used treatment, tends to provoke or 
aggravate bradycardia by its vagomimetic 
effect.’ 

Xamoterol is a selective f, adrenoceptor 
partial agonist that has 43% of the stimulant 
activity of the full agonist isoprenaline.* At 
low levels of sympathetic activity, it occupies 


the f, receptors to produce both positive 
inotropic and chronotropic effects on the 
heart. When sympathetic activity increases, it 
behaves as a competitive antagonist at the fj, 
receptor.? This ability of xamoterol to stabilise 
activation of the fj, receptor may be of use in 
modulating the ventricular response to atrial 
fibrillation in patients whose heart rate shows 
considerable circadian variation. We inves- 
tigated the effects of xamoterol, digoxin, and 
placebo on symptoms, exercise performance, 
and 24 hour control of heart rate in patients 
with chronic atrial fibrillation and normal 
resting heart rate who showed exercise 
tachycardia during the day and episodes of 
bradycardia, especially at night. 


Patients and methods 

PATIENTS 

We studied 13 patients (seven women) aged 
55-84 years (mean 67). All had chronic atrial 
fibrillation and electrocardiographic evidence 
of bradycardia at rest that had caused the 
attending physician to reduce or stop specific 
treatment. Patients had a documented resting 
heart rate of <50 beats/min before the dose of 
digoxin was reduced. All patients had at least 
one ventricular pause of 1-5 s after digoxin 
was stopped. Ten patients had conduction 
abnormalities on the electrocardiogram: three 
had bifascicular block, two had right bundle 
branch block, two had right axis deviation, 
and three had non-specific intraventricular 
conduction defects. No patient complained of 
syncope but ten patients reported dizziness 
and six palpitation. All patients experienced 
some degree of breathlessness or fatigue on 
exertion. Eight were in the New York Heart 
Association class I category, and five in class 
II (who needed diuretics). The aetiology was 
non-rheumatic valvar heart disease in four 
patients; rheumatic valvar heart disease in 
three; two were “lone” fibrillators; and there 
was one case each of ischaemic heart disease, 
constrictive pericarditis, post-thyroidectomy, 
and hypertrophic cardiomyopathy. Six 
patients took no specific treatment for atrial 
fibrillation, six were taking digoxin 0:125 mg 
daily (5) or 0-0625 mg daily (1); one patient 
was taking atenolol 50 mg daily. Other impor- 
tant medications were frusemide, warfarin, 
thyroxine, captopril, and bendrofluazide. We 
obtained informed consent from each patient 
after a full explanation of the study. 


DESIGN 
Treatment with digoxin and atenolol was 
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stopped in the six patients who were taking it; 
these patients were then observed and asses- 
sed for at least two weeks before entry into the 
study. Each patient underwent three treat- 
ment  periods—one each of xamoterol, 


digoxin, and placebo—in a randomised cross- 


over fashion. Each treatment period lasted 
two weeks and was followed by a two week 
wash out period before the next treatment. 
Xamoterol (200 mg) and its matching placebo 
were given twice daily. Digoxin tablets were 
started at 0-5 mg on the first day of the treat- 
ment period, then the maintenance dosage was 
adjusted from 0-0625 mg daily to achieve a 
low therapeutic serum concentration. 

The treatments were administered by an 
investigator who was not involved in the 
assessment. The other investigators and tech- 
nicians conducting the investigations were not 
aware of the current treatment phase. Patients 
were assessed at entry into the study and 
reassessed at the end of each treatment period. 
The assessment comprised symptomatic 
evaluation, a treadmill exercise stress test, and 
24 hour ambulatory electrocardiographit 
monitoring. Dizziness, palpitation, and 
breathlessness were rated for frequency on a 
descriptive 5 point scale. We assessed heart 
raté variability with 24 hour ambulatory elec- 
trocardiography on Reynolds Tracker recor- 
ders and analysis by a visually assisted Reyn- 
olds Pathfinder 3 system. We measured the 
maximum and minimum hourly. heart rates, 
the number of ventricular pauses > 1:5 s, and 
the longest ventricular pause in 24 hours. 
(The heart rate was calculated from 15 s elec- 
trocardiographic strips.) À symptom limited 
treadmill exercise test was performed accord- 
ing to the modified Bruce protocol. The rest- 
ing heart rate before the exercise was 
measured after the patient had sat down for 
five. minutes. During the exercise, heart rate 
was monitored continuously and blood pres- 
sure was measured every minute. The max- 
imum heart rate, maximum blood pressure, 
and exercise duration were recorded. 


STATISTICAL ANALYSIS 

To assess the differential effect of xamoterol 
on the circadian control of heart rate, the 24 
hour data on heart rate were analysed over 
two 12 hour periods: 10 am to 9 pm (day) and 
10 pm to 9 am (night). The area under the 
curve (AUC) of the plot of heart rate against 
time, calculated by the trapezoidal rule, 
reflects the mean heart rate over the time 
measured. For the day period, each area under 
curve of the maximum and minimum heart 
rates, termed AUC (day max) and AUC (day 
min) respectively, was calculated. AUC (night 
max) and AUC (night min) were similarly 


Table 1 Comparative data on scores for symptom frequency (mean (interquartile 


range )) 
Symptom 
Palpitation 


Dizzineas 
Breathlessness 


ho to 
Oo 


Placebo Aamoterol Digoxin 


a 
(1 


0-3 0) 15 (10-18) 18 0028 
0-1 7) 12 ny 17 (10-23 
3-3 8) 22 (132-30 27 (20-98). 
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derived for the night period. The overall 
difference between the three treatment groups 
was determined by two way analysis of 
variance for the heart rate and exercise data, 
after we had checked for normality and 
equality of variance. If the variance ratio 
obtained was significant at the 5% level, we 
performed multiple paired comparisons be- 
tween treatment groups using contrasts. 
Symptom scores and the number of ven- 
tricular pauses in 24 hours were analysed by 
Friedman two way analysis of variance by 
ranks. When the Friedman analysis showed a 
significant treatment effect, individual paired 
comparisons were carried out by the critical 
range method.’ Results are given as mean 
(SEM). The 95% confidence intervals (95% 
CI) were calculated where appropriate. A p 
value of « 0-05 was regarded as significant. 


Results 

Statistical analysis was carried out on the 
results from 12 patients who completed all 
phases of the study. In one patient, a 58 year 
old woman with valvar heart disease and sym- 
ptoms (New York Heart Association class II), 
nausea, vomiting, and increased dyspnoea 
developed with two days of the start of 
xamoterol treatment. When xamoterol was 
stopped she improved but continued to feel 
unwell. Further investigations did not show 
an organic cause. During the digoxin treat- 
ment phase, five patients were given digoxin 
0-0625 mg daily, the other seven patients were 
given 0-125 mg daily, and a mean serum con- 
centration of 0-7 (0-1) nmol/l was achieved at 
completion of the treatment phase, when 
assessment took place. Analysis for possible 
period effect based on the exercise test results 
showed no significant differences between the 
three treatment periods. 


SYMPTOM SCORES 

Table 1 shows the comparative data on symp- 
tom scores based on a descriptive 5 point 
frequency scale. The symptom scores for the 
three treatments for palpitation, dizziness, and 
breathlessness were similar, although the 
scores for xamoterol seemed to be consistently 
lower than those for digoxin or placebo. 
Digoxin tended to produce less palpitation than 
placebo but more dizziness and breathlessness. 
Although there were no significant differences 
between individual symptoms during any 
treatment phase, a combined symptom score 
showed that patients had significantly more 
symptoms on digoxin than on xamoterol 
(p < 0:05). 


EXERCISE TEST 

Table 2 shows the comparative data on exercise 
test for the three treatments. The resting heart 
rate before the exercise test was significantly 
lower with digoxin treatment than with 
xamoterol (p « 0-005) or placebo (p « 0-01). 
There was no significant difference between 
xamoterol and placebo. The maximum heart 
rate on exercise was significantly lower with 
xamoterol treatment than with placebo or 
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Figure! (4) Maximum 
hourly heart rate over a 24 
hour period. (B) 
Minimum hourly heart 
rate over a 24 hour period. 


x 


Ang, Chan, Cleland, Moore, Krikler, Alexander, Oakley 


Table 2 | Comparative data obtained from exercise test (mean (SEM) ) 


Placebo P Xarroterol P Digoxm P 

(Pl) (Plo X) (X) (XvD) (D) (D v Pl) 
Res HR (beats/min) 70 (5) NS 72 (5) <0 005 62 (5) «0 01 
Peak HR (beats/min) 159 (12) <0 001 156 (10) <0 005 150 (10) NS 
Peak SAP (mm Hg) 181 (10) NS 174 (8) NS 170 (9) NS 
Peak DAP (mm Hg) 83 (3) NS 87 (4 NS 84 (2) NS 
PR product 

(mm Hg x min) 28612 E «0001 23668 (2110) NS 25786 (2412) «0 05 

Exercise duration (min) STXID NS :07 (09) NS 10 2 (10) NS 





HR, heart rate, SAP, systolic arterial pressure, DAP, diastolic arterial pressure, PR, pressure x rate. 


digoxin; the values for placebo and digoxin 
were not significantly different from each other 
(p — 0-45). There were no significant differen- 
ces between the three treatments in the peak 
exercise systolic or diastolic blood pressure. 
The maximum pressure-rate product was sig- 
nificantly reduced by xamoterol and digoxin 
compared with placebo; but there was no 
siguificant difference between the two active 
treatments (p = 0-17). The patients tended to 
exercise longer on xamoterol treatment (95% 
CI: 10-0-11-4 min) than placebo (95% CI: 9 0- 
10-4 min) or digoxin (95% CI: 9-5—10-9 min), 
though this difference did not achieve statis- 
tical significance (p — 0-20). 


HOURLY HEART RATE DATA 

Figure 1À shows the effects of the three treat- 
ments on the maximum hourly heart rate over a 
24 hour period, and fig 1B similarly shows the 
minimum hourly heart rate. Figure 2A shows 
the area-under-curve analysis of the data on 
maximum and minimum hourly heart rate 
from 10 am to 9 pm (day), and figure 2B the 
data from 10 pm to 9 am (night). Compared 
with placebo, xamoterol tended to reduce both 
AUC (day max) and AUC (day min) but 
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,increase both AUC (night max) and AUC 
(night min). Digoxin, in contrast, tended to 
reduce the values of all four variables compared 
with placebo or xamoterol. The difference 
between the areas under the curves of the plots 
of maximum and minimum hourly heart rate 
reflects the variability of the heart rate within 
the hour. Table 3 shows that the heart rate 
variability within the hour was similar in the 
three treatment groups. However, the cir- 
cadian variability as indicated by AUC (day 
max)-AUGC (night min) was significantly lower 
with xamoterol treatment than with either 
digoxin (p < 0-05) or placebo (p < 0-01). 
Compared with placebo, xamoterol increased 
the lowest minimum hourly heart rate from 50 
(4) beats/min to 59 (5) beats/min (p < 0-05) 
but reduced the highest maximum hourly heart 
rate from 139 (8) beats/min to 132 (8) beats/min 
(p = 0-30) (table 4). Digoxin produced lower 
values for both the variables (45 (3) and 131 (8) 
beats/min respectively) than either xamoterol 
or placebo; the lowest minimum hourly heart 
rate was significantly different from the 
xamoterol value (p < 0-001). 


VENTRICULAR PAUSES 

Table 4 shows that xamoterol reduced the 
number of ventricular pauses (> 1:5 s) in 24 
hours compared with placebo or digoxin; the 
comparison with digoxin was significant 
(p < 0:05). The pauses were most frequent 
between ] am and 6am and least common 
between 1 pm and 6 pm. The maximum ven- 
tricular pause in 24 hours was the longest with 
digoxin treatment (95% CI: 22 to 2°83), 
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Figure 2. (A) Area-under-curve analysts of hourly 
heart rate data from 10 am to 9 pm. Results are given as 
mean ( SEM). ( B) Area-under-curve analysis of hourly 
heart rate data from 10 pm to 9 am 


M4. 
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Table3 Comparative data on variability of heart rate by area-under-curve analysis 
(mean ( SEMJ) 








Placebo Xamoterol Digoxin 
AUC (day max)—AUC (day min) 
(beats/min hourly) 417 (27) 386 (37) 427 (32) 
AUC (night max)—AUC (night min) 
(beats/min hourly) 312 (18) 319 (39) 296 (22) 
AUC (day max)—AUC (night mun) 
(beats/min hourly 565 (39) 458* (47) 546 (35) 





*Xamoterol v placebo, p <0 01; xamoterol o digoxin, p <0 04 


unaltered by placebo (95% CI: 2-0 to 2-6 s), but 


reduced significantly by xamoterol (95% CI: 


1 5to2-1 s). 


Discussion 

In a placebo controlled study of patients with 
chronic atrial fibrillation characterised by nor- 
mal resting heart rate, but with both exercise 
induced tachycardia and episodes of brady- 
cardia, xamoterol seemed to be better than 
digoxin. Xamoterol treatment was more effec- 
tive than digoxin in reducing exercise tachycar- 
dia and was accompanied by an improvement 
in exercise duration. Compared with digoxin, 
xamoterol reduced the frequency and duration 
of ventricular pauses and restored the mini- 
mum hourly heart rates to the normal range 
(fig 1B). 

_An important limitation in our selection of 
patients was that ethical considerations preven- 
ted us from recruiting patients with obvious 
symptomatic bradycardia or from placing them 
on conventional doses of digoxin. Only a few 
studies of the medical treatment of chronic 


atrial fibrillation have addressed the problem of . 


bradycardia." While the importance of symp- 
tomatic bradycardia is widely recognised, the 
significance of recurrent ventricular pauses in 
bradycardiac episodes that are not clearly 
associated with symptoms is less clear. A 24 
hour ambulatory electrocardiographic study by 
Bjerregaard of 260 healthy people found that 
/ ventricular pauses 15s were common." It 
has been suggested that while bradycardia is 
common in young people, especially at night, 
sinus pauses are a cause for concern in older 
people and should never exceed 2:5 s at any 
age.? Ventricular pauses in atrial fibrillation 
reflect extensive degeneration of pacemaker 
and conduction tissue.” Atrial fibrillation per 
se is known to reduce cerebral blood flow" and 
recurrent ventricular standstill would be likely 
to exacerbate this. Rebello and Brownlee 
showed that ventricular demand pacing may 
relieve dizziness as well as syncope in such 
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patients.^ Most of our patients continued to 
have symptoms even after treatment with 
digoxin was stopped or reduced. 

Though the maximum exercise heart rate on 
placebo was not as high as in other studies, ^ 
it may have limited exercise duration. The 
maximum exercise heart rate was significantly 
reduced by xamoterol but not by low dose 
digoxin. Treatment with digoxin clearly in- 
creased the maximum ventricular pause 
beyond 2:04 s (93% CI: 2:2 to 2:8 s)—the 
longest pause in Bjerregaard's study—whereas 
xamoterol tended to reduce it to less than 2:1 s 
(95% CI: 1-5 to 2-1 s). Rebello and Brownlee 
thought that dizziness, which occurred in eight 
of our patients while they were being treated 
with digoxin, might suggest the need for 
pacemaker insertion. Xamoterol, however, 
relieved dizziness in three and improved the 
symptom in four others, leaving only one 
unaltered. Elderly patients who are more liable 
to have atrial fibrillation are more likely to 
develop a slow ventricular response because of 
concomitant atrioventricular nodal disease. ®” 
This accords with the age of our patients (55 to 
84) and the high incidence of conduction 
abnormalities on the electrocardiogram. The 
underlying heart disease too might have con- 
tributed to the conduction defects in our 
patients. 

Digitalis is regarded as the best drug to 
control the ventricular response to atrial 
fibrillation.?' At rest, vagal tone predominates 
and this may be enhanced by digoxin.’ 
Increases in sympathetic tone during stress 
override the vagal effects of digoxin and limit 
its effect on the heart rate during exercise.” 
Increasing the dose of digoxin may well 
improve control of heart rate during exercise 
but it will exacerbate resting bradycardia.” fi 
blockers and calcium antagonists tend to act 
preferentially on the exercise heart rate,” but 
both can exacerbate bradycardia,!** and their 
negative inotropic effect detracts from their 
beneficial effect on the control of heart rate.” ? 
Interestingly, digoxin further depressed noc- 
turnal bradycardia and this was consistent with 
an increase in vagal tone. Xamoterol increased 
nocturna] heart rate; this effect is consistent 
with an increased expression of the agonist 
activity of xamoterol at a time of low endogen- 
ous sympathetic activity. 

Xamoterol decreased the number and dura- 
tion of ventricular pauses in patients with sick 
sinus syndrome,” and gave better control of 
exercise heart rate.” On the other hand, 
xamoterol combined with digoxin gave better 
control of exercise heart rate than digoxin 


Table 4 Comparative data from 24 hour ambulatory electrocardiography (mean ( SEM)) 


Placebo p Xamoterol P Digoxin P 
s ( Pl) (Plo X) (X) (XvD) (D) (Dv Pl) 
HHR max ici bua 139 (8) NS 132 (8) NS 131 (8) NS 
HHR min (beats/min) 50 (4) <0 05 59 (5) «0 001 45 (3) NS 
No of VP in 24h 3322 (1443) NS 2732 (1451) «0 05 5238 (1707) NS 
Max VP 1n 24 h (s) 2 3 (0 1) <0 005 18 (01) <0 001 25 (01) NS 


HAR max, highest maximum hourly heart rate in 24 b; HHR mun, lowest mintmum hourly heart rate in 24 h; VP, ventncular 


pause. 
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alone.” These apparent actions of xamoterol 
are consistent with its selective f, partial 
adrenoceptor activity and are used to advantage 
in our patients. Xamoterol also seems to be of 
more benefit than digoxin in patients with mild 
to moderate heart failure who remain in sinus 
rhythm?!; this may be relevant because heart 
failure often accompanies atrial fibrillation.” 

Xamoterol is the best drug in patients with 
chronic atrial fibrillation who have episodes 
of bradycardia with ventricular pauses. 
Xamoterol reduces the duration and frequency 
of the pauses while improving the control of 
heart rate during exercise, and this is associated 
with an improvement in symptoms. Xamoterol 
may be especially useful in patients with mild 
heart failure; it must not be used in patients 
with severe heart failure. 


We thank ICI Pharmaceuticals for supplying the xamoterol 
tablets and placebo tablets and Christine O’Sullivan and other 
technicians in the Department of Electrocardiography for their 
technical assistance 
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Abstract 

Before the introduction of computed 
tomographic (CT) scanning, aortogra- 
phy was the investigation of choice for 
acute aortic dissection. Between 1978 and 
1982, 24 patients were referred to the 
Brompton Hospital with suspected acute 
thoracic aortic dissection; all had aor- 
tography with diagnosis confirmed at 
surgery (n — 12) or necropsy (n — 2) or 
supported by clinical outcome (n = 8). 
One patient in whom aortography was 
negative had type B dissection at 
necropsy and another patient was lost to 
follow up. CT scanning became available 
in this unit in 1983 and between 1983 and 
1987 was used as the only imaging inves- 
tigation in 32 patients with suspected 
acute dissection of the thoracic aorta 
while in a further 22 patients aortogra- 
phy was used alone. Results were con- 
firmed at surgery (n = 18), necropsy 
(n = 3), or supported by clinical out- 
come (n = 31). Two patients were lost to 
follow up. In an additional 16 patients 
both aortography and CT scanning were 
performed with concordant findings in 
10. In six in whom the results were dis- 
cordant, aortography was normal in 
three in whom subsequent CT scanning 
showed type B dissection and CT scan- 
ning was normal in three patients in 
whom aortography showed type A dis- 
section. 

Both CT scanning and aortography are 
reliable techniques for assessment of 
suspected acute dissection of the 
thoracic aorta. Both techniques misdiag- 
nose occasionally and the frequency of 
misdiagnosis will be minimised by per- 
forming both investigations in patients 
where the level of clinical suspicion is 
high and the initial investigation 
negative. CT scanning tends to miss type 
A dissection and in view of the success of 
surgery in this condition this failing has 
the more serious clinical consequences. 


Acute dissection of the thoracic aorta is clas- 
sified type A (affecting the ascending aorta) 
and type B (not affecting the ascending aorta).! 
Emergency surgical repair of type A dissec- 
tion improves patient prognosis whereas 
immediate surgical intervention in type B, in 
the absence of complications, offers no 
survival advantage.^? Until recently aortogra- 
phy was regarded as the investigation of 


choice for suspected acute dissection of the 
thoracic aorta but the advent of computed 
tomographic (CT) scanning now offers an 
alternative, non-invasive means of diagnosis. 
We report a 10 year experience of the clinical 
assessment and investigation of acute dissec- 
tion of the thoracic aorta by these two tech- 
niques. 


Patients and methods 

Between 1978 and 1987 94 patients were 
referred to the Brompton Hospital with sus- 
pected acute dissection of the thoracic aorta. 
We reviewed the case records, investigations, 
and outcome in these patients; follow up data 
on all patients were obtained by communica- 
tion with referring physicians and general 
practitioners or by review at the Brompton 
Hospital. 


STUDY DESIGN 

Patients are considered in two eras, before and 
after the introduction of CT scanning to this 
hospital, to assess the impact of CT scanning 
on the investigation of acute dissection. Before 
CT (1978-1982) 24 patients were referred and 
all underwent aortography. In the five years 
(1983—1987) after CT scanning became avail- 
able 70 patients were referred with suspected 
acute dissection of the thoracic aorta. Thirty 
two patients had CT scanning, 22 had aor- 
tography, and 16 patients had both. 

We accepted the result of either investiga- 
tion as correct if it was confirmed by surgical 
or necropsy findings. But if only those 
patients with surgical or necropsy confirma- 
tion of diagnosis were included the study 
population would show a preponderance of 
those with type A aortic dissection because it 
is the policy of this unit to recommend urgent 
surgery to such patients because of the poor 
prognosis of type A dissection with medical 
management alone. We took a prolonged 
event-free survival as supporting accurate 
diagnosis in patients with dissection who were 
managed medicallv, or those with negative 
investigations, and we paid particular atten- 
tion to the clinical circumstances of death in 
such patients to assess the likelihood that a 
type À dissection was missed. 


Results 

AORTOGRAPHY 1978-1982 

In 18 patients (eight female, 10 male; age 35- 
82, mean 68 years) aortography showed dissec- 
tion of the thoracic aorta (table 1). Eight 
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Table1 Imnal diagnosis, management, and : 
confirmation of diagnosis in patients presenting wit 
cales acute dissection of the thoracic aorta (ADA) 
between 1978 and 1982 and undergoing aortography 





Patent Confirmation of 








10 Type B Surgical At surgery, type B 
11 Type B Surgical At surgery, type B 
12 Type B Surgical At surgery, type B 
13 Type B Necropsy At necropsy, type B 
14 TypeB Necropsy At necropsy, type B 
15 Type B Medical Suggested by 

16 Type B Medical Suggested by FU 
17 TypeB Medical Suggested by FU 
18 TypeB Medical None. lost to FU 

19 NoADA Medical Suggested by FU 
20 No ADA Medical Suggested by FU 
21 No ADA Medical Suggested by FU 
22 NoADA Medical Suggested by FU 
23 No ADA Medical Suggested by FU 
24 No ADA Medical Necropsy found type B 
FU, follow up 


patients had type A dissections and all these 
were managed surgically. Ten patients had 
type B dissections four of which were treated 
surgically and six medically. The diagnosis was 
confirmed in all 12 patients undergoing sur- 
gery. Of the six patients managed medically, 
one was lost to follow up, two had event-free 
survival of 66 and 77 months, and one died at 
five years (cause unknown). Two patients died 
within one month of diagnosis and in both of 
these the aortographic finding of type B dissec- 
tion was confirmed at necropsy. 

There were six patients (five male, one 
female; age 43-68, mean 59 years) with 
negative aortograms, three of whom had event- 
free survival at 60-120 (mean 80) months 
follow up. One patient died five years later of 
carcinoma of the breast. Two others died 
within one month of aortography. One of these 
had been admitted for investigation having 
developed hemiplegia and dysphasia, the clini- 
cal suspicion of dissection resting on an absent 
brachial pulse, and died in coma three days 
after admission without subsequent necropsy. 
The other patient died 24 hours after admission 
and at necropsy was found to have type B 
dissection. Thus this patient had a false 
negative aortogram. 


AORTOGRAPHY OR CT SCANNING OR 

BOTH 1983-1987 

CT scanning alone 

There were 12 patients (two female, 10 male; 
age 54-81, mean 68 years) in whom CT scan- 
ning showed acute dissection of the thoracic 
aorta (table 2). Six patients had type A dissec- 
tions and all but one were managed surgically. 
Three patients had type B dissections that 
required surgery because of complications and 
three patients had type B dissections that were 
managed medically. The diagnosis was confir- 
med in all patients undergoing surgery. Of the 
four patients managed medically, one elderly 
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Table 2 Imtzal oles management, and T 
confirmation of diagnosis in patients presenting wt 
suspected acute dissection of the thoracic aorta between 
1983 and 1988 and undergoing CT scanmng 





Panent Confirmation of | 
No Result Manogement diagnosis 





25 TypeA Surgical At surgery, type A 
26 TypeA Surgical At surgery, type A 
27 TypeA Surgical At surgery, type A 
28 TypeA Surgical At surgery, type A 
29 TypeA Surgical At surgery, type A 
30 Type A cal No confirmation 
3] TypeB Surgi At surgery, type B 
32 TypeB Surgical At surgery, type B 
33 TypeB Surgical At surgery, typc B 
TypeB Medical Suggested by FU 
35 TypeB Medical Suggested by FU 
36 TypeB Medical Suggested by FU 
37 NoADA Medical Suggested by FU 
38 No ADA Medical Suggested by FU 
39 NoADA Medical Suggested by FU 
40 NoADA Medical Suggested by FU 
41 No ADA Medical Suggested by FU 
42 NoADA Medical Suggested by FU 
43 NoADA Medical Suggested by FU 
44 NoADA Medical Suggested by FU 
45 NoADA Medical Suggested by FU 
46 NoADA Medical Suggested by FU 
47 NoADA Medical Suggested by FU 
48 NoADA Medical Suggested by FU 
49 NoADA Medical S by FU 
50 NoADA Medical Suggested by FU 
51 NoADA Medical Suggested by FU 
2 No ADA Medical Suggested by FU 
53 NoADA Medical Suggested by FU 
54 NoADA Medical Suggested by FU 
55 No ADA Medical Necropsy, no AD 
56 No ADA Medical Surgery, no ADA 





patient with a type A dissection was moribund 
on admission and died one hour later without 
surgery being attempted. Necropsy was not 
performed. The remaining three patients (type 
B dissection) had event-free survival at a follow 
up of 19-48 (mean 30) months. 

There were 20 patients (10 male, 10 female; 
age 50—79 (mean 63) years) with negative CT 
scans, of whom 15 had event-free survivals of 
2—66 (mean 24) months (table 2). Five patients 
have died. Two patients aged 72 and 79 years 
died in old peoples’ homes 15 months and 30 
months after investigation and necropsies were 
not performed. A third patient died four 
months after investigation of myocardial infar- 
ction; this diagnosis and absence of dissection 
were confirmed at necropsy. A fourth patient 
died in hospital during aortic aneurysmectomy 
and no aortic dissection was found at necropsy. 
The final patient died five years after investiga- 
tion and the cause of death is unknown. 


Aortography alone 
There were 14 patients (three female, 11 male; 
age 27-73, mean 62 years) in whom aortogra- 
phy showed dissection of the thoracic aorta 
(table 3). Eight patients had type A dissections 
and all these were managed surgically. Six 
patients had type B dissections two of which 
were managed surgically and four medically. 
The diagnosis was confirmed in all 10 patients 
undergoing surgery. Of the four patients man- 
aged medically, two were lost to follow up and 
one had event-free survival at 60 months follow 
up. One patient died of an unrelated myocar- 
dial infarction one year after investigation and 
necropsy confirmed an old type B dissection. 
There were eight patients (seven male, one 
female; age 61-73, mean 68 years) with 
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Table 3 Imtial diagnosis, management, and 
confirmation of diagnosis in patients presenting with 
suspected acute dissection of the thoracic aorta between 
1983 and 1988 and undergoing aortography 








Patient z Confirmation 

No Result Management of diagnosis 

57 Type A — Surgical At surgery, type A 
58 Type A — Surgical At surgery, type A 
59 Type A Surgical At surgery, type A 
60 Type A — Surgical At surgery, type A 
61 TypeA Surgical At surgery, type A 
62 Type A Surgical At surgery, type A 
65 TypeA . Surgical At surgery, type À 
64 Type A Surgical At surgery, type A 
65 Type B Surgical At surgery, type B 
66 Type B Surgical At surgery, type B 
67 TypeB . Medical Suggested by FU 
68 TypeB Medical Lost to FU 

69 TypeB . Medical Lost to FU 

70 Type B Medical Necropsy, type B 
71 NoADA Medical Suggested by FU 
72 No ADA Medical Suggested by FU 
73 No ADA Medical Suggested by FU 
74 No ADA Medical Suggested by FU 
75 No ADA Medical Suggested by FU 
76 No ADA Medical Suggested by FU 
77 No ADA Medical Suggested by FU 
78 No ADA Medical Suggested by FU 





negative aortograms, seven of whom had event- 
free survival of 20-51 (mean 38) months (table 
3). One patient, however, died 24 months later 
of myocardial infarction, confirmed by a rise in 
cardiac enzymes and the electrocardiogram. 
There was no clinical suspicion of dissection 
but no necropsy was performed. 


CT SCANNING AND AORTOGRAPHY 

When the first investigation (either CT 
scanning or aortography) was negative or gave 
insufficient information for clinical manage- 
ment and there was strong clinical evidence 


. Of dissection, a second ‘investigation (CT 


scanning or  aortography) was always 
performed. A total of 16 patients (12 male, four 
female; age 55—73, mean 64 years) underwent 
both investigations for this reason (table 4). 


Both aortography and CT scanning negative 

In eight patients, both investigations were 
negative and seven of these had event-free 
survival at follow up of 5—48 (mean 15) months. 
One was diagnosed as having a ventricular 
septal defect rather than dissection and died 
during surgical closure. 


Table 4 Diagnosis, management, and confirmation of diagnosis in patients presenting 
with suspected acute dissection of the thoracic aorta between 1983 and 1988 and 
undergoing aortography and CT scanmng 





Patient No 


Aortagraphy 


No ADA 
No ADA 
No ADA 
No ADA 
No ADA 
No ADA 
No ADA 
No ADA 
Type A 

Type A 

Type A 

Type B 

No ADA 
No ADA 
No ADA 


Type B 


CT Management Confirmation of diagnosi 
No ADA Medical Suggested by FU 
No ADA Medical Suggested by FU 
No ADA Medical Suggested by FU 
No ADA Medical Suggested by FU 
No ADA Medical Suggested by FU 
No ADA Medical Suggested by FU 
No ADA Medical Suggested by FU 
No ADA Medical Surgery, no ADA 
No ADA Surgical Surgery, type A 
No ADA Surgical Surgery, type A 
No ADA Surgical Surgery, type A 
Type B Surgical Surgery, type B 
Type B Medical Necropsy, type B 
Type B Medical Suggested by FU 
Type B Medical ed by FU 
Type B Medical Suggested by FU 


Aortography or CT scanning or both positive 
Eight patients had an abnormal CT scan or 
aortography. Four of these had CT scanning as 
the first investigation, with a negative result in 
three. There was a positive result in the fourth 
(type B dissection) but the CT scan gave 
insufficient information for further manage- 
ment. Aortography was therefore performed; it 
showed type A dissections in the three patients 
with negative CT scans, all of whom were 
referred for surgery (with confirmation of the 
diagnosis at operation). In the fourth patient 
aortography delineated the extent of the 
type B dissection. This patient was managed 
medically but later required surgery (when 
the diagnosis was confirmed) because of 
complications. 

In four patients aortography was the first 
investigation and was negative in three. In the 
fourth patient aortography showed a type B 
dissection but further evidence that there was 
no type A dissection was considered necessary. 
CT scanning was therefore performed; it 
showed type B dissections in all. One patient, 
who was considered unfit for surgery despite 
clinical deterioration, died soon after 
admission, with necropsy confirmation of the 
diagnosis. The remaining three patients have 
had event-free survivals of 4-18 (mean 9) 
months. 

In those patients in whom both CT scanning 
and aortography were required, the investiga- 
tions were concordant in 10 patients and 
discordant in six. Aortography was negative 
in three patients in whom subsequent CT 
scanning showed type B dissection. In three 
patients CT scanning was negative, but 
subsequent aortography showed type A 
dissections. 


Discussion 

Before CT scanning became available 
aortography was the investigation of choice for 
suspected acute dissection of the thoracic 
aorta.‘ CT scanning is now available in most 
cardiac units in the United Kingdom and has 
been reported to be an effective alternative.’ í 
Most of the studies using both these techniques 
in the investigation of aortic dissection have 
been small and this has limited their value.°’ 
Oudberk et al reported a series of 26 patients 
undergoing CT scanning alone and found no 
misdiagnosis,? whereas Vasile et al reported a 
misdiagnosis rate of 5:2% in a series of 137 
patients.” Streak artefact, difficulty in 
distinguishing aortic dissection from aortic 
aneurysm, absence of density difference 
between true and false lumens, and failure to 
manipulate window widths and levels were 


identified as major reasons for the errors in CT 


scanning. Aortography can also be erroneous as 
illustrated by Eagle et al who identified four 
false negative aortograms out of a series of 55 
true negatives. Some argue that CT scanning 
is the best investigation for the assessment of 
acute thoracic aortic dissection! ° while others 
argue that a negative CT scan does not remove 
the need for aortography.” 

We sought to determine the accuracy of CT 
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scanning and aortography in the investigation 
of patients referred with suspected acute dis- 
section of the thoracic aorta and to determine 
their respective indications. It was not our 
intention to comment on the management of 
patients with proven dissection. 

All 34 patients in our series who underwent 
surgery for acute thoracic aortic dissection had 
the preoperative diagnosis confirmed by 
surgery, and there were therefore no false 
positives in this group. Also there were no false 
positives in patients who died during the 
follow up period and in whom necropsy was 
performed (n — 4). To assess the possible 
frequency of false negative or erroneous results 
of CT scanning and aortography in patients 
whose management was medical (usually type 
B dissections) or those in whom no dissection 
was found, we looked for early deaths or 
suspicious clinical events during follow up. We 
accept that such an assessment must inevitably 
be imperfect because patients with an incorrect 
diagnosis may also have an event-free survival. 
The inclusion of any of these patients, were 
they known, would only increase the frequency 
of false negative or erroneous results. There 
were no suspicious events other than death and 
we therefore concentrated on those patients 
dying during follow up (n = 10) and tried to 
exclude dissection as contributing to the cause 
of death. This was often not possible but all 
cases in which the cause of death was not 
proven were reviewed. 

In the era when only aortography was avail- 
able (1978—1982) one patient died of unknown 
cause five years after being investigated and no 
further information was available. One patient 
was admitted for investigation of suspected 
dissection after having a cerebrovascular 
accident and died in coma. Aortography was 
negative but a necropsy was not performed and 
therefore we cannot exclude the presence of a 
dissection though a primary cerebral episode, 
rather than a neurological complication of 
dissection, seemed the most likely cause of 
death. Another patient died within one month 
of investigation and necropsy showed a type B 
dissection that bad not been noted on the 
aortogram. This was a false negative result. In 
this patient the clinical findings were strongly 
suggestive of dissection, and CT scanning had 
it been available might have resulted in the 
correct diagnosis being made. 

After the introduction of CT scanning there 
was an increase in the number of patients 


` referred with suspected acute dissection of the 


thoracic aorta (70 patients in the five years 
1983-1987 compared with 24 patients between 
1978 and 1982). This could represent a true rise 
in the incidence of aortic dissection in the 
referral population but we think this unlikely. 
Referral patterns change over the years and we 
cannot exclude the possibility that the number 
of referring physicians increased. It seems 
more likely, however, that two other factors 
were mostly responsible. First, it has become 
increasingly widely appreciated that the 
prognosis of patients with type A dissection can 
be improved by immediate surgery. Second, 
physicians may be more likely to refer patients 
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for a non-invasive investigation such as CT 
scanning when the level of clinical suspicion is 
relatively low rather than subjecting them to 
aortography which has been regarded by some 
to be potentially dangerous. The non-invasive 
nature of CT scanning is in our opinion its 
greatest advantage. On the other hand, aorto- 
graphy offers the ability to assess any aortic 
regurgitation and may demonstrate the entry 
and exit points of the intimal dissection and 
may thus contribute to surgical decisions on the 
most appropriate operation. It has been our 
policy not to perform coronary arteriography in 
patients with proven dissection (although we 
usually do perform this investigation if aorto- 
graphy is entirely normal and myocardial 
ischaemia is being considered as an alternative 
diagnosis) because we are unaware of any 
evidence that additional coronary bypass graft- 
ing at the time of surgery offers any prognostic 
or symptomatic advantage. 

When CT scanning was available (1983— 
1987) the clinical outcome in four patients who 
had only one.investigation (aortography or CT 
scanning but not both) was believed to require 
further comment. One patient had negative 
aortography and died two years later of a 
myocardial infarct. Necropsy was not 
performed but there was no clinical suspicion 
of dissection as a contributory cause of death. 
Three patients died some time after negative 
CT scans without subsequent necropsy and we 
cannot be certain that there was no evidence of 
previous aortic dissection. One of these 
patients died five years later; however, the 
other two died aged 72 and 79 years at 15 and 30 
months after investigation, and in none of these 
three patients was there clinical suspicion of 
aortic dissection as a contributory cause of 
death. 

The group of patients who were of particular 
interest were those 16 who had both CT 
scanning and aortography because there was 
considerable clinical evidence in the presence 
of a negative first investigation or because the 
first investigation had provided insufficient 
information for management decisions. In 10 
the findings were concordant (eight had 
negative results with both investigations) but in 
six they were discordant. In this discordant 
group three patients had negative CT scans as 
the first investigation but were shown on 
aortography to have type A dissection; the 
aortographic findings were confirmed at 
surgery in all three. The other three patients in 
the discordant group had negative aortograms 
first but on subsequent CT scanning were 
shown to have type B dissection. All these 
patients are alive so as yet there is no 
confirmatory necropsy data but all had 
unequivocal CT appearances strongly suggest- 
ing falsely negative aortography. 

So of the 62 aortograms performed on 
patients being admitted for investigation of 
suspected acute thoracic aortic dissection in the 
10 years 1978-1987 at least four (6-495) were 
falsely negative. All of these missed type B 
dissections. Of all the CT scans performed in 
the years 1982-1987 (n = 48) three (6:295) 
were false negatives. All of these missed type A 


Use of computed tomographic scanning and aortography in the diagnosis of acute dissection of the thoracic aorta 


dissections. Because three patients were lost to 
follow up and eight died without necropsy or 
surgical confirmation of the diagnosis the true 
frequency of false negatives could be higher. 
We found that any patient with clinically 
suspected acute thoracic aortic dissection 
should undergo aortography or CT scanning 
and that if this investigation is negative but the 
index of clinical suspicion high then the second 
investigation should always be performed. A 
negative first investigation with little clinical 
evidence of dissection should probably be 
regarded as sufficient to exclude the diagnosis. 
Whether aortography or CT scanning is per- 


. „formed as the first investigation is to a large 


“extent dependent on individual circumstances 
-such as the availability of each procedure, the 
experience of the person who will perform 
and report on whichever investigation is 
performed, and the restlessness of the patient 
(which will affect the quality of the CT scan). 
With CT scanning but not aortography 
patients with a low likelihood of dissection can 
be transferred from other hospitals for inves- 
tigation and, if shown to have a normal scan, 
transferred back without being admitted. Our 
experience with patients in whom there is 
strong clinical evidence of dissection favours 
aortography as the first investigation because 
we were most concerned not to miss type A 
dissections. The promising experience repor- 
ted with transoesophageal echocardiography in 
the investigation of suspected aortic dissection 
may contribute still further to reducing the 
likelihood of misdiagnosis.'* 
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Abnormal diastolic function in patients with 
type 1 diabetes and early nephropathy 


M J Sampson, J B Chambers, D C Sprigings, P L Drury 


Abstract 

Left ventricular diastolic function was 
assessed by pulsed Doppler echocardio- 
graphy in non-diabetic controls (n= 11) 
and in patients with type 1 diabetes with- 
out microvascular disease (n=16; 
diabetic controls), with microalbumin- 
uria (n=9), or with early persistent 
proteinuria (n—11) The peak filling 
velocities during the early and atrial 
phases of left ventricular diastole and 
their ratio (E:A ratio) were measured. 
All patients with diabetes had a normal 
serum concentration of creatinine and 
exercise electrocardiogram. The mean 
E:A ratio was significantly lower in those 
with proteinuria than in the diabetic 
controls because of an increase in peak 
atrial filling velocity; most patients with 
proteinuria had an abnormal E:A ratio 
of <1:0. Multiple regression analysis 
showed that systolic blood pressure was 
the major determinant of both the peak 
filling velocity during the atrial phase of 
diastole and also left ventricular mass. 
Blood pressures were significantly 
higher in the proteinuria group than in 
the diabetic controls. Glycaemic control 
and autonomic function did not 
influence diastolic filling. 

The slightly raised blood pressures at 
the earliest stages of diabetic 
nephropathy are sufficient to alter left 
ventricular diastolic compliance—this 
may reflect early hypertensive heart 
disease. These data do not preclude a 
specific heart muscle disease related to 
diabetes, but suggest that these slightly 
raised blood pressures contribute sig- 
nificantly to left ventricular dysfunction 
in these patients, in whom the risk of 
cardiovascular disease is already greatly 
increased. 


The blood pressure begins to rise at the 
earliest stage of diabetic nephropathy,’ and 
left ventricular hypertrophy (probably related 
to hypertension) is common once renal 
impairment develops.** Abnormal left ven- 
tricular diastolic function may be the earliest 
echocardiographic sign of hypertensive heart 
disease, often occurring before appreciable 
left ventricular hypertrophy has developed. 

In patients without diabetes, hypertensive 
left ventricular hypertrophy is an independent 
risk factor for cardiovascular morbidity and 


mortality.*?? The presence of blood pressure 
related diastolic abnormalities at the earliest 
stages of diabetic nephropathy might identify 
patients likely to benefit from early antihyper- 
tensive treatment. 

Recently, pulsed Doppler echocardiography 
was used to assess diastolic function." ? We 
used this technique to investigate the pos- 
sibility that the slightly raised blood pressure 
associated with microalbuminuria and early 
proteinuria may influence left ventricular 
diastolic function. 


Patients and methods 

PATIENTS 

We studied 39 white patients aged 20—60 with 
type 1 diabetes. They were selected according 
to urinary protein excretion and not according 
to blood pressure. None had evidence of renal 
disease other than diabetic nephropathy or 
received medication other than insulin. The 
mean albumin excretion rate was calculated 
from three timed overnight urine collections 
taken in the preceding 6-12 months. The 
following groups were studied: 

Diabetic Controls Seventeen patients with 
fewer than three microaneurysms in each eye 
(on dilated fundoscopy by a single observer) 
and a mean albumin excretion rate in the 
normal range (< 10 ug/min). 
Microalbuminuria Ten patients with a raised 
mean albumin excretion rate of between 30 
and 200 ug/min. 

Early persistent. proteinuria Twelve patients 
with persistent Albustix-positive urine 
samples for between 6 months and 5 years, a 
24 hour urinary protein loss of > 300 mg (on 
two occasions), and a normal serum creatine 
(< 106 pmol/l). None of these patients had 
received antihypertensive treatment before 
the study. 

In addition, we studied 11 non-diabetic 
white individuals with no history of ischaemic 
heart disease or hypertension and on no treat- 
ment. 

All patients gave informed consent to the 
procedures, which were approved by the hos- 
pital ethics committee. 

Table 1 shows the clinical features of the 
groups. The mean albumin excretion rate was 
6:6 ug/min in the diabetic control group and 
56 5 ugjmin in the microalbuminuria group. 
By definition, none of the patients in the 
diabetic control group had retinopathy but all 
of the other patients with diabetes had either 
background or proliferative retinopathy. 
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Table 1 Clinical features of patients studied (mean (1 SEM) ) 

Group 

Non-diabette Diabetic Micro- 
Feature controls controls albuminuria Proteinuria 
n 11 16 9 11 
Age (yr) 34 (3) 35 (2) 38 (3) 34 (3) 
Sex (M:F) 6:5 9:7 5:4 8:3 
Diabetes duration (yr) — 20 (2 23 (3) 23 (2) 
Body mass index (kg/m) 24.7 (1) 25-3 (1) 26:9 (1) 25-7 (0:5) 
Glycated haemoglobin (",, ) — 8-8 (0:5) 10:6 (0-7)* 10:3 (0:6) 
Blood glucose (mmol 1) — 13-5 (1-4) 9-9 (1:7) 12-1 (1:8) 
Systolic pressure (mm Hg) 123 (4) 131 (4) 140 (6) 146 (2)t 
Diastolic pressure (mm Hg) 80 (4) 81 (2) 86 (3) 94 (3)f 
Heart rate (beats min) 78 (3) 84 (4) 88 (5) 92 (5) 
HRV (beats min — 17:8 (2:3) 11:6 (2:8) 10-7 (1-5) 
Valsalva ratio — 1:52 (0:1) 1:32 (0-1) 1-35 (0:1) 
HRR (beats/min - 20-4 (3-9) 16:2 (2-8) 13:8 (2-3) 





*p < 0:05 v diabetic controls. 
tp < 0-001 v diabetic and non-diabetic controls. 
HRV, heart rate variability; HRR, heart rate response to standing. 


METHODS 

Glycated haemoglobin and blood glucose 
were measured in samples taken at the time of 
the echocardiogram. The albumin radio- 
immunoassay used has an intra-assay co- 
efficient of variation of 6", at an albumin 
concentration of 2:5 mg/l and a normal range 
for non-diabetic individuals of 0-9-10 ug/min. 
Cardiovascular autonomic function was asses- 
sed in the patients with diabetes by the heart 
rate responses to deep breathing at 6 breaths 
per minute, to standing, and to the Valsalva 
manoeuvre." The Valsalva ratio was not 
measured in one patient in each of the 
proteinuria and microalbuminuria groups 
because of recent vitreous haemorrhages. 
Autonomic function tests were performed 
after echocardiography. 

Blood pressure was measured after 5 min- 
utes' supine rest, at the time of the echo- 
cardiogram, by an observer who was unaware 
of the patient's echocardiographic data. Three 
readings were taken with a Hawksley random 
zero sphygmomanometer (Lancing, Sussex). 
Korotkoff phase V was regarded as the dias- 
tolic pressure. Mean values for systolic and 
diastolic pressure were calculated. No patient 
had a postural systolic fall in blood pressure of 


Figure 1 Pulsed Doppler V 
echocardiograms recorded 
in à diabetic patient 
without microvascular 
complications showing the 
early passive peak in left 
ventricular filling ( E) and 
the later active atrial 
phase (A). The right hand 
echocardiogram shows 
reversal of this pattern in a 
diabetic patient with 
proteinuria and mild 
hypertension. 
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more than 10 mm Hg after 2 minutes of 
standing. 

Bruce protocol treadmill exercise tests. 
were performed and analysed by standard 
criteria for ischaemia’’ in all patients with 
diabetes, but not in the normal control group. 
One diabetic control and one microalbumin- 
uric patient had unequivocally abnormal exer- 
cise tests" and one proteinuric patient had a 
borderline abnormality with 1 mm planar ST 
segment depression. These three patients 
were excluded from the study; all other exer- 
cise tests were normal. In the remaining 
patients the mean exercise times and max- 
imum achieved heart rates did not differ be- 
tween groups. 

All echocardiograms were performed and 
analysed by one observer (JBC), who was 
unaware of the patients’ clinical state. A 
phased array system (Hewlett-Packard 
77020A, Andover, Massachusetts, USA) was 
used with a 2:5 MHz duplex probe. Sector 
scans with colour flow mapping were used to 
screen for wall motion or valvar abnor- 
malities; these were absent in all subjects. 
Pulsed Doppler recordings were made from 
the apical four chamber approach, with the 
sample volume level with the tips of the mitral 
valve leaflets in their maximum diastolic 
extent. We measured the peak left ventricular 
inflow velocities during the earlv (E vel) and 
atrial (A vel) phases of left ventricular dia- 
stolic filling, and the ratio of these two filling 
velocities (E:A ratio; fig 1). Mean values for 
each of these variables were calculated from 
10 cardiac cycles to allow for respirators 
variations. 

Chamber dimensions and left ventricular 
thickness were calculated from M mode 
echocardiograms recorded according to 
American Society of Echocardiography 
recommendations." Measurements of the 


intraventricular septal and posterior walls 
were plotted on age and body mass related 
nomograms," and were considered to be 
increased if they lay above the relevant 95th 
centile. Left ventricular mass index was cal- 
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Figure 2. Values for peak 
left ventricular early 
filing (A) and atrial 
filling velocity ( B) in 
normal controls and in the 
three diabetic groups In A 
there ts an overlap of some 
values for the diabetic 
controls and patients with 
proteinuria, 


culated from the method described by 
Devereux and ReichekP and left ventricular 
end diastolic volume from the Teicholz for- 
mula. 


STATISTICAL ANALYSIS 

The groups were initially compared by one 
way analysis of variance. Unpaired Student’s t 
tests were performed if a significant (p < 
0-05) difference was found by analysis of 
variance. Simple and stepped multiple regres- 
sion analysis were used with A vel, E vel, the 
E:A ratio, and left ventricular mass as depen- 
dent variables. Systolic and diastolic blood 
pressures, age, heart rate, ventricular mass, 
left ventricular fractional shortening, glycated 
haemoglobin, blood glucose, and individual 
measures of autonomic function were 
included as subjective variables. Significance 
was taken to be p < 0-01 for multiple regres- 
sion. Fisher’s exact test was used where 
appropriate. All data are shown as mean (1 
SEM). 


Results 

BLOOD PRESSURE, HEART RATE, AND GLYCAEMIC 
CONTROL 

Blood pressure did not differ significantly 
between the control groups (table 1). Mean 
systolic and diastolic blood pressures increased 
progressively from both control groups to the 
proteinuria group and were significantly higher 
in the latter (p < 0-001). There was no 
significant difference in mean heart rate or 
blood glucose between the groups, although 
the mean concentration of glycated haemo- 
globin was significantly higher in the micro- 
albuminuria group than in the diabetic con- 
trols. 


1.2 (A) 
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AUTONOMIC FUNCTION 

Mean heart rate variability, the Valsalva ratio, 
and heart rate response to posture tended to be 
lower in the microalbuminuria and proteinuria 
groups, but this trend was not significant (table 
1). None of the patients studied had symp- 
tomatic autonomic neuropathy and only one 
patient in each group had abnormalities in all 
three tests of autonomic function. None had a 
postural systolic fall in blood pressure of > 10 
mm Hg. i 


PULSED DOPPLER MEASUREMENTS 
Mean E vel did not differ significantly between 


` groups, but mean A vel was significantly higher 


in the proteinuria group than in the control 
groups (p < 0:005) (fig 2). This led to a 
significantly lower E:A ratio in the proteinuria 
group than in both control groups (p « 0-05). 
Three (18 8%) diabetic controls had an E:A 
ratio below 1-0 (fig 3) compared with four 
(449,5) of nine in the microalbuminuria group 
(p > 0-1) and seven (64%) of 11 in the 
proteinuria group (p « 0-05). Seven of the 14 
patients with an abnormal E:A ratio had mild 
intraventricular septal hypertrophy, and the 
intraventricular septum was significantly wider 
in the microalbuminuria and proteinuria 
groups than in the control groups (table 2). Left 
ventricular fractional shortening was higher in 
the proteinuria group than in the non-diabetic 
controls (p < 0-001), as was mean left ven- 
tricular mass, but not significantly so. 


RELATION BETWEEN MEASUREMENTS 

Table 3 shows the results of simple linear 

regression. Multiple regression showed: 
(a) E vel was only independently influenced 
by age (R—13:595; F4, 7-0; p < 0:05; 
NS). 
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Table 2  Echocardwgraphic data (mean (1 SEM) ) 


Variable 


E vel (m/s) 

A vel (m/s) 

E A ratio 

Diastolic dimension (mm) 
End diastolic volume (ml) 
Septal width (mm) 

LV mass (g/m) 

Fractional shortening (%%,) 


Group 
Non-diabetic Diabetic Micro- 
controls ~ controls albumimuria  Protanuna 
(n= II) (nm 16) (nw 9) (n11) 
0-74 (0-1) 0 74 (0 03) 0 69 (0 07) 0 76 (0 06) 
0-56 (0 03) 0-63 (0 03) 0 67 (0 07) 0 78 (0 03)* 
1 42 (0 1) 121 (0 08) 1-08 (0 1) 0 98 (0 06 
‘ A7 (0). 47(1) - 48 (1) 47 e 
102(4) ' 113 (6) 109 (8) ` ]11 (9 
9 7 (0 07) 9 8 (0-04) 11:7(007)* — 11:9 (0-08)* 
87-(8) 101 (5) 115 (8) 113 (9) 
29 (2) _ 35 (2) 36 (3) 38 (29$ 


*p < 0 005, diabetic and non-diabetic controls; tp < 0 05, v diabetic controls; tp < 00001, v 
non-diabetic controls; $p < 0 001, p non-diabetic controls. ’ 
E vcl and A vel, peak carly and atrial diastolic filling; E:A rano, E vel/A vel, LV, left ventricular. 


Table 3 Significant correlation coefficients (rj and probability values (p) where 
. Eel, A vel, and the E. A ratio are dependent variables 1n simple linear regression 
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(6) A vel was most influenced by systolic 
blood pressure (R*= 28%; F,4,=17-4; p < 
0-0001) (fig 4) but also by heart rate 
8-695; F,,,7 6:0; p < 0-05; NS). 

(c) The E:A ratios were only independently 
influenced by age and heart rate (R? — 3894; 
F,4,= 13-6; p < 0:0001). 
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Figure4 Relation between systolic blood pressure and 


the peak atrial phase of left ventricular diastolic filling 


- (A vel) in the total study population (r=0 53, 


p < 00001, n=47). 


(d) The ventricular mass was only influ- 

enced by systolic blood pressure (R? 22195; 

F, 45= 12:1; p < 0-001). 

‘There was no significant relation between 
any measure of cardiovascular autonomic func- 
tion or glycaemic control and diastolic filling. 


'Discussion 


We have shown that the left ventricular filling 
pattern, as assessed by the E:A ratio, may be 
abnormal in the earliest stages of diabetic 
nephropathy—even if left ventricular hyper- 


- trophy is not considerable. The reduced E:A 


ratio was the result of an increased atrial 
component of diastolic filling, and systolic 
blood pressure was the principal influence on 
this measurement and also on left ventricular 


mass. 


Only E:A ratios < 1-0 show an association 
with a reduced left ventricular filling rate on 
angiography’ and the significance of small 
changes is unclear. Furthermore, left ven- 
tricular diastolic filling is influenced by several 
factors. Regional phase delays in ventricular 
relaxation, a raised left atrial pressure, altera- 
tions in preload, 16 the contractile state of the left 
ventricle," and cardiovascular autonomic dys- 
function? may all influence diastolic filling 
without any true change in left ventricular 
compliance. In the present study, however, the 


' cardiac valves, wall motion, and left ventricular 


end diastolic volumes were normal in all 
patients or did not differ between groups. 
Though left ventricular fractional shortening 
was higher in the group with proteinuria than 
in the normal controls, on multiple regression 
this variable did not contribute significantly to 
any pulsed Doppler measurement. Finally, 
cardiovascular autonomic function had no 
influence on diastolic filling. Therefore, the 
differences in E:A ratio shown in this study 
almost certainly reflect differences in left ven- 
tricular compliance. 

Left ventricular compliance depends on 
chamber size and geometry, wall thickness, and 
the mechanical properties of cardiac muscle." 
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In this study systolic blood pressure was the 


. principal correlate of left ventricular mass, and 


the mild hypertension present in very early 
nephropathy could affect the mechanical 
properties of the ventricle without significantly 
increasing left ventricular mass. There is sup- 
portive evidence from experimental hyper- 
trophy caused by pressure overload in rats that 
such changes in ventricular compliance can 
occur independently of changes in ventricular 
wall thickness or mass.” 7! These changes in the 
mechanical properties of the left ventricle 
could then presumably influence the pattern of 
left ventricular diastolic filling. 

'The patients with proteinuria had borderline 
hypertension (mean blood préssure 146/94 mm 
Hg); and diastolic function is often abnormal in 
non-diabetics with borderline essential hyper- 
tension.” f An isolated increase in the peak atrial 
component of diastolic filling is also well des- 
cribed in such patients? ?? and is often present 
before significant left ventricular hypertrophy 
develops. 

An increased atrial contribution to diastolic 
filling in patients with diabetes has also been 
described" ? as has a relation between the 
sytolic blood pressure and diastolic function in 
those with type 1 diabetes. However, it is 
unclear in these studies whether there is any 
relation between the diastolic abnormalities 
and blood pressure?*? or whether the abnor- 


malities are confined to a subgroup with mild. 


hypertension.” 

‘There have been many other studies on 
diastolic function in diabetes, and many are 
difficult to interpret because the data on blood 
pressure, ischaemic heart disease, or renal 
function are frequently | incomplete 7^?! 
However, diastolic function was abnormal in 
normotensive patients with type 1 diabetes, 
without apparent coronary artery disease,*™ 
raising the possibility of a specific heart muscle 
disease in diabetes. The concept of such a 
“diabetic cardiomyopathy”’ was initially sup- 
ported by epidemiological studies? that 
showed an increased incidence of congestive 
heart failure among the diabetic subjects in the 
Framingham cohort, although much of this 
could be accounted for by an excess of occult 
ischaemic heart disease. A series of necropsy 
studies, generally in those with type 2 
diabetes,” many with renal impairment who 
had died in cardiac failure, are often used to 
support the existence of a specific diabetic 
heart muscle disease. The commonest patho- 
logical findings in.these studies—an increased 


left ventricular mass, left ventricular hyper- 


trophy, and increased interstitial and perivas- 
cular fibrosis, could equally well reflect preced- 
ing hypertension? * or more severe hyperten- 
sion in the diabetic group.” Most non-invasive 
studies on patients with diabetes have since 
failed to describe cardiac structural changes in 
the absence of hypertension, 4!! 9 and the 
results of myocardial biopsy studies in patients 
with diabetes are conflicting." However, 
some data do suggest an increase in myocardial 
connective tissue in patients with diabetes 
without hypertension or coronary artery dis- 
ease,” and this could theoretically influence 
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diastolic compliance.“ The question of a 
specific diabetic heart muscle disease requires a 
large correlative study of myocardial histopath- 
ology with both invasive and non-invasive 
assessment of cardiac function in well defined 
groups without coronary artery disease, hyper- 
tension, or microvascular disease. 

Finally, we did not find any relation between 
diastolic filling and autonomic function in our 
patients, in contrast with the findings of other 
groups.'**” These groups showed that abnor- 
mal diastolic filling measured by radionuclide 
ventriculography” or digitised M mode 
echocardiography” was related'to the degree of 
postural fall in systolic blood pressure,” and 
less so'to measurements of heart rate vari- 
ability.'^*' In view of the preload dependence 
of diastolic filling,’® some of the abnormalities 
described by these groups could be related to 
a reduced preload associated with postural 
hypotension. Other studies have failed to des- 
cribe any relation between autonomic and 
diastolic function in patients with diabetes! 
or have failed adequately to correct for the 
high heart rate associated with autonomic 
neuropathy.” 

In conclusion, we showed that in patients 
with type 1 diabetes, diastolic function is 
significantly abnormal in most patients by the 
stage of very early proteinuria. These abnor- 
malities may be related to the mild hyperten- 
sion seen in these patients. The present results 
do not preclude the existence of a specific 
diabetic heart muscle disease, but the presence 
of diastolic dysfunction (related in part to the 
raised blood pressure) at such an early stage of 
nephropathy, as well as mild left ventricular 
hypertrophy? re-emphasises the case for early 
antihypértensive treatment in these patients 


-and for the increased use of echocardiography 
- to detect those at risk. 
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Doppler echocardiographic evaluation of 
pulmonary artery flow after modified Fontan 
operation: importance of atrial contraction 


Shakeel Ahmed Qureshi, Roberto Richheimer, Roxane McKay, Robert Arnold 


Abstract 

Doppler echocardiography was used to 
evaluate blood flow in the pulmonary 
artery in 14 patients 2 to 42 months 
(mean (SD) 17 (12) months) after a 
modified Fontan operation incorpor- 
ating a direct atriopulmonary an- 
astomosis. Preoperatively six patients 


had tricuspid atresia, six had a double. 


inlet left ventricle, and two had pul- 
monary atresia with an intact ventri- 
cular septum. The postoperative rhythm 
was sinus in 11 patients, junctional in 
one, ventricular pacing in one, and 
atrioventricular sequential pacing in 
one. In one patient the Doppler trace was 
unsatisfactory for analysis. In all 
patients forward flow in the pulmonary 
artery had biphasic peaks related to both 
atrial and ventricular contraction. The 
mean (SD) peak flow velocity that was 
synchronous with atrial contraction was 
80 (30) cm/s and that synchronous with 
ventricular contraction was 74 (23) cm/s. 
The atrial contribution to total pul- 
monary artery flow, assessed by 
velocity-time integrals, varied between 
22% and 73% (mean (SD) 45 (14)%). In 
patients with tricuspid atresia the mean 
(SD) peak flow velocity with atrial 
contraction was 90 (27) cm/s and that 
with ventricular contraction was mean 
(SD) 68 (24) cm/s. In patients with 
double inlet left ventricle the mean (SD) 
peak flow velocity was 67 (36) cm/s with 
atrial contraction and 80 (25) cm/s with 
ventricular contraction. The atrial con- 
tribution to total pulmonary blood flow 
in patients with tricuspid atresia was 
significantly higher (53 (11)%) than in 
those with double inlet left ventricle (37 
(14)%)- 

Pulmonary artery flow after modified 
Fontan operation was biphasic and was 
related to both atrial and ventricular 
contraction. The atrial contribution to 
pulmonary blood flow is greater in 
patients with tricuspid atresia than in 
those with a double inlet left ventricle. 
The mechanism of the second peak re- 
lated to ventricular contraction is un- 
known. 


Several technical modifications of the original 
Fontan operation! have been used for 
physiological correction of patients with 
tricuspid atresia and double inlet left 
ventricle. These include the incorporation of a 


subpulmonary ventricular chamber,?? valved 
conduits between the right atrium and 
pulmonary artery, vena caval valves, and 
direct non-valved atriopulmonary anastomo- 
sis.*? There are conflicting reports on the 
importance of right atrial contraction, and 
therefore sinus rhythm, to the success of this 
operation. "^? 

We assessed pulmonary artery flow patterns 
by Doppler ultrasound and evaluated the con- 
tribution of atrial contraction to total 
pulmonary blood flow after a modified Fontan 
operation with a direct non-valved atrio- 
pulmonary anastomosis. 


Patients and methods 

We studied 14 (eight boys and six girls aged 
55—175 months (mean (SD) 90 (35) months at 
operation) randomly selected patients who 
underwent successful modified Fontan 
operation between December 1983 and June 
1987 at the Royal Liverpool Children’s 
Hospital. The Doppler echocardiographic 
study was performed between 2 and 42 months 
(mean (SD) 17 (12) months) postoperatively 
and the age at the study varied from 60 to 184 
months (107 (37) months). 

Six patients had tricuspid atresia. Four of 
these had associated pulmonary or sub- 
pulmonary stenosis and one had an absent 
pulmonary valve with intact ventricular 
septum. All five patients with reduced 
pulmonary blood flow had undergone 
palliative systemic-pulmonary artery shunts. 
The remaining patient had banding of the 
pulmonary trunk to reduce excessive 
pulmonary blood flow in infancy. Six patients 
had double inlet left ventricle. Two of the three 
with pulmonary or subpulmonary stenosis had 
been palliated with systemic-pulmonary artery 
shunts while three with unrestricted 
pulmonary blood flow had previous banding of 
the pulmonary trunk. Two patients had 
pulmonary atresia with intact ventricular 
septum. Both of these had undergone previous 
systemic-pulmonary artery shunts. 

A direct posterior  non-valved atrio- 
pulmonary anastomosis was constructed 
between the undivided superior vena cava, 
right atrium, and roof of the left atrium and the 
pulmonary arteries in 12 of the patients. In two 
patients an anterior anastomosis was construc- 
ted between the right atrial appendage and the 
pulmonary trunk/right pulmonary artery. In 
seven patients, the pulmonary trunk was 
divided and passed behind the aorta at the time 
of the repair, in five it was ligated, and in two 


the trunk and the pulmonary valve were left in 
continuity with the right ventricle. 

In five patients with double inlet left 
ventricle the atria were partitioned by an 
oblique baffle that directed the pulmonary 
venous blood through both atrioventricular 
valves into the left ventricle. In one patient the 
right atrioventricular valve was closed. 

Eleven of the patients were in sinus rhythm, 
one was in junctional rhythm, one in 
ventricular paced, and one in atrioventricular 
sequentially paced rhythm. 


DOPPLER ECHOCARDIOGRAPHY 

Cross sectional and Doppler echocardiography 
was performed using an Irex Meridian system. 
Cross sectional echocardiography was used to 
establish the optimal plane for pulsed Doppler 
sampling of the pulmonary artery flow distal to 
the atriopulmonary anastomosis. A 3:5 MHz 
phased array transducer with a pulsed Doppler 
frequency of 2 MHz was used for the examina- 
tion. The optimum flow profiles in the 
pulmonary artery were obtained usually from 
the apical 4-chamber view or along the left 
sternal border, angling the transducer until the 
best audio signal was heard and the best 
spectral Doppler signal was displayed. 

The Doppler velocity flow profiles were 
recorded at a paper speed of 75 mm/s. An 
electrocardiogram and phonocardiogram were 
recorded simultaneously with the Doppler 
spectral display to time the flow events. The 
recordings were made during quiet respiration 
in supine patients. Atrial contraction was 
defined on the traces from the P wave to the 
first heart sound on the phonocardiogram. The 
ventricular contraction (systole) was defined 
as the interval between the first and second 
heart sounds on the phonocardiogram. Peak 
velocities were measured as the modal peaks on 
the spectral traces. The traces were digitised 
around the modal velocities using the inbuilt 
software of the Irex Meridian system. The 
velocity waveform during atrial contraction 
was digitised and the velocity-time integral 
obtained in centimetres. This was separated 
from the flow during the remainder of the 
cardiac cycle by drawing a vertical line to the 
zero line at the beginning of the downstroke of 
the waveform of the atrial contraction. The 
total pulmonary blood flow was then similarly 
digitised to obtain the total velocity-time 
integral. No attempt was made to measure the 
atriopulmonary anastomotic diameter, which 
was assumed to be constant throughout the 
cardiac cycle. The atrial contribution to the 
total pulmonary flow was calculated as follows: 
100 x (velocity-time integral of atrial contrac- 
tion (cm), divided by velocity-time integral 
of total pulmonary flow (cm)). An average of 
at least five cardiac cycles was used for all 
measurements. 

Doppler traces that were suitable for analysis 
were obtained in 13 of the 14 patients. The 
traces of one patient with pulmonary atresia 
and intact ventricular septum, described 
separately, were not included in the analysis 
because junctional rhythm precluded accurate 
timing of the atrial contraction. The patients 
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were divided into two groups for the analvsis; 
those with tricuspid atresia were compared (bi 
unpaired t tests) with those with a double inlet 
left ventricle. 


Results 
In all the patients forward flow in the 
pulmonary artery had two peaks. Diastolic 
forward flow started at the second heart sound 
and was usually of low velocity. This was 
considered to be due to passive venous return 
into the pulmonary artery. Augmentation of 
the forward flow velocities then occurred; this 
began with the P wave, reached its peak 
between the P wave and the peak of the R wave, 
and returned to the baseline at the onset of the 
first heart sound. A second peak was seen 
during ventricular systole between the first and 
second heart sounds. In patients with tricuspid 
atresia the peak velocity after atrial contraction 
was higher than that after ventricular contrac- 
tion; in contrast, in patients with double inlet 
left ventricle the pattern was reversed (fig 1A 
and B). In one patient with junctional rhythm 
the P wave was masked by the QRS complex 
Peak forward flow in this patient occurred in 
early ventricular systole (due to atrial contrac- 
tion) and a further peak occurred in ventricular 
diastole with passive venous filling (hg 2). In 
one patient with ventricular paced rhythm foi 
postoperative complete heart block, there were. 
in addition to a dominant forward flow peak 
occurring with ventricular systole, separate 
peaks unrelated to ventricular systole and 
caused by atrial contraction (fig 3). 

Peak flow velocity in the pulmonary artery 


synchronous with atrial contraction was 





Figure 1 Doppler flow pattern in the pulmonary arters 
after Fontan operation showing biphasic flow in a patient 
with tricuspid atresia ( A) compared with the pattern 
obtained in a patient with double inlet left ventricle | B 
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Figure 2 Doppler flow 
pattern in pulmonary 
artery in à patient with 
pulmonary atresia with 
intact ventricular septum 
in whom junctional rhythm 
developed after Fontan 


operation. 


Figure 3 Doppler flow 
pattern in pulmonary 
artery in a patient with 
double inlet left ventricle 
in whom complete heart 
block developed after 
Fontan operation, and who 
had a ventricular 
pacemaker imolanted 
(arrows indicate flow 
caused by atrial 
contraction). 
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27-123 cm/s (mean (SD) 80 (30) cm/s), while 
that during ventricular contraction was 46-109 


cm/s (74 (23) cm/s). This difference was not 
significant at the 5°, level. 

In patients with tricuspid atresia the peak 
flow velocities during atrial contraction varied 
from 50 to 123 cm/s (90 (27) cm/s), compared 
with 28-113 cm/s (67 (36) cm/s) in those with 
double inlet left ventricle (p = 0-17). During 
ventricular contraction peak flow velocity was 
46-99 cm/s (68 (24) cm/s) in patients with 
tricuspid atresia and 51—109 cm/s (80 (25) cm/s) 
in those with double inlet left ventricle (p — 
0-42). 


ATRIAL CONTRIBUTION 

The table shows the atrial contribution to total 
pulmonary flow assessed from the velocity- 
time integral. This varied between 22",, and 
73", (45 (14)%). 

In patients with tricuspid atresia the atrial 
contribution was 41-73 (53 (11)",) while in 
those with double inlet left ventricle it was 
22-58", (37 (14)",). This difference was 
significant at the 5°, level. 


Atrial contribution to pulmonary blood flow 


Tricuspid or pulmonary atresia Double inlet left ventricle 


Case AC Case AC {* 
l 41 Rt 22 
2 43 4 26 
y* 48 10} 27 
4 52 11 40 
5 55 12 49 
6 56 13 58 
7 73 


*Before operauon this patent had pulmonary atresia with 
intact ventricular septum. 

* This patient had an atrioventricular sequential pacemaker. 
{This patient had a ventricular pacemaker, 

AC, atrial contribution. 
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In one patient with pulmonary atresia and 
intact ventricular septum excision of the tri- 
cuspid valve and division of the pulmonary 
trunk were performed at the time of the 
modified Fontan operation to incorporate the 
hypoplastic right ventricle in the pulmonary 
circulation upstream to the atriopulmonary 
anastomosis. Doppler study showed that the 
atrial contribution to the total pulmonary blood 
flow was 48°, and the flow pattern was similar 
to that in the patients with tricuspid atresia. 
Thus in this patient the incorporation of the 
hypoplastic ventricle did not affect the pul- 
monary flow pattern. 

In two patients a hypoplastic right ventricle 
remained in continuity with the pulmonary 
circulation. One of them had pulmonary atresia 
with intact ventricular septum and a Waterston 
shunt. A transannular right ventricular outflow 
patch had been used to decompress the right 
ventricle. The hypoplastic tricuspid valve was 
closed at the time of the Fontan operation. 
When the Doppler study was carried out he was 
in junctional rhythm. The second patient had 
tricuspid atresia with an intact ventricular 
septum and no pulmonary valve. In both 
patients there was free regurgitation into the 
hypoplastic right ventricle. 

The first patient had forward flow into the 
pulmonary artery during systole as a result of 
the atrial contraction, while the remaining 
forward flow occurred in mid and late diastole 
due to passive venous filling (fig 2). In the 
second patient Doppler flow traces were 
similar to those seen in patients with tricuspid 
atresia, the atrial contribution to the 
pulmonary flow being 41". Thus the inclusion 
of a subpulmonary ventricular chamber as a 
reservoir distal to the atriopulmonary anasto- 
mosis did not seem to affect the flow pattern in 
the pulmonary artery. 

Two of the patients with double inlet left 
ventricle had atrial contributions to pulmonary 
blood flow of 49", and 58",. Both these 
patients had higher preoperative mean right 
atrial pressures ( ^» 7 mm Hg) than the remain- 
ing patients with double inlet left ventricle. 


Discussion 

It has generally been accepted that sinus 
rhythm, and thus atrial contraction, is impor- 
tant for the success of the Fontan operation or 
its modifications," although controversy con- 
tinues as to whether the success is due to an 
improved left ventricular output or to a direct 
contribution of the right atrium to the pulmon- 
ary blood flow. The value of including a 
subpulmonary ventricular chamber in the 
repair is also controversial? and data from some 
recent studies suggest that atrial contraction 
may not be essential." ©” Indeed, in some com- 
plex defects, such as those in which the left 
atrioventricular valves are absent or hypo- 
plastic or there are anomalies of venous drain- 
age, total cavopulmonary connection has been 
proposed as an alternative to Fontan oper- 
ation. Nevertheless, the original or modified 
Fontan operation will continue to be used in 
most patients with tricuspid atresia or double 
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inlet left ventricle. T'o characterise the type of ; 


pulmonary artery blood flow after a direct non- 


valved atriopulmonary anastomosis we studied ` 


- the Doppler flow patterns in these patients. 

It is difficult to evaluate atrial function by a 
reliable technique. Doppler echocardiography 
gives a qualitative and possibly -semiquan- 
titative assessment of atrial function, however, 
by measurement of the ratio of forward flow 
during atrial contraction to the total flow in the 
pulmonary artery. Nakazawa et al suggested 
that the role of atrial contraction after the 
Fontan operation may be more important in 
those patients with a smaller pulmonary artery 
index, irrespective of whether they have tri- 
cuspid atresia or double inlet ventricle.'? Con- 
versely, in patients with a large pulmonary 
artery index, the right heart output may be less 
dependent on atrial contraction. These con- 
clusions were based on an invasive study with a 
catheter mounted Doppler velocity probe. 
Volume flow is usually calculated from the 
mean velocity of flow and cross sectional area of 
the vessel where the.flow velocity is measured. 
After the Fontan operation it is difficult to 
measure the area of the atriopulmonary 
anastomosis accurately. Because absolute 
values of volume flow may not be reliable, both 


we and Nakazawa et al have assumed this area- 


to be constant throughout the cardiac cycle.'? 


We have further adapted the intracardiac <‘ 


Doppler methods of flow assessments to the 
more conventional  transthoracic pulsed 
Doppler techniques. 

Shemin and associates, in an experimental 
study, reported that the right atrium did not 
function as a pump in the maintenance of 
pulmonary blood flow after a right atrium to 
pulmonary artery conduit.” Matsuda et al, in a 
study on dogs that had right atrium to pulmon- 


ary artery conduits with the right ventricle . 
excluded -from the pulmonary circulation, . 


induced atrial fibrillation and found that both 
the systemic arterial pressure and pulmonary 
blood flow were 'maintained. With atrial 
fibrillation, however, pulsatile flow in the 
atriopulmonary conduit was lost. Nakazawa et 
al evaluated seven patients after a Fontan 
operation for tricuspid atresia. They used pul- 
sed Doppler echocardiography, cardiac cath- 
eterisation, and intracardiac Doppler with a 
catheter tipped velocity transducer.’ They 
found that the flow patterns obtained by pulsed 
Doppler echocardiography were biphasic and 
identical to those obtained with a catheter 
tipped velocity transducer and that atrial con- 
traction contributed to the forward flow of 
blood in the pulmonary artery. In a subséquent 
report, patients with a double inlet left ven- 
tricle were studied for comparison and similar 
_flow patterns were obtained.'? DiSessa et al also 
confirmed that the pulmonary artery flow was 
biphasic after the Fontan operation both in 
patients with tricuspid atresia and in those with 
double inlet left ventricle.’ The flow, however, 
was not evaluated quantitatively or semi- 
quantitatively. Alboliras et al suggested that 
synchronised atrial contraction was not neces- 
sary for adequate cardiac output, despite find- 
ing acceleration. in pulmonary artery flow 
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during atrial systole by Doppler.? Biphasic 
flow patterns in the pulmonary artery were 
reported by Hagler et al," but, interestingly, in 
patients with reduced ventricular function the 
predominant flow occurred during ventricular 
systole. 

Our measurements showed important 
differences between the patients with tricuspid 
or pulmonary atresia and double inlet left 
ventricle. The previous reports showed that the 
pulmonary artery flow was biphasic and these 
phases were related to atrial contraction and 
passive venous filling. In our study the second 
phase was consistently related to ventricular 
systole, which was followed by non-pulsatile 
low velocity flow caused by passive venous 
filling. These differences have not been 
emphasised before. We found that right atrial 
contraction, while contributing significantly to 
the total pulmonary blood flow in both groups 
of our patients, made a greater contribution to 
the pulmonary flow in patients with tricuspid 
atresia than in those with double inlet left 
ventricle. This may have been because higher 
atrial pressures cause greater right atrial hyper- 
trophy. However, the mechanism of the second 
phase of flow that was synchronous with ven- 
tricular systole is not clear. DiSessa et al 
suggested that the second phase may have been 
the result either of right atrial relaxation and 
vena caval blood flowing into the pulmonary 
artery or filling .of the left atrium from the 
pulmonary venous bed, which was in turn filled 
by flow from the pulmonary artery.? However, 
our study showed that this flow occurred only 
during ventricular systole and was also pul- 
satile. This suggests “‘active’’ rather than “‘pas- 
sive" flow into the pulmonary artery. In one of 
our patients with double inlet left ventricle, in 
whom ventricular function was impaired, the 
atrial contribution (58%) to total pulmonary 
blood flow was higher than the rest of this 
group. While we found that Doppler echocar- 
diography was useful in this study, ıt probably 
failed to detect slow and transient pulmonary 
regurgitation into the right atrium because of 
its very low velocity. 

In conclusion, pulmonary artery flow after 
modified Fontan operation is biphasic. The. 
atrial contribution to total pulmonary flow 1s 
greater in patients with tricuspid atresia than in 
those with a double inlet left ventricle. How- 
ever, the importance of phasic pulmonary 
artery blood flow in the various subsets of 
patients and its long term effects on the 
pulmonary vasculature remain important 
questions for further investigation in a larger 
group of patients. 
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Louis N Katz (1897-1973) had a distinguished 
career as a physiologist in Carl Wiggers's 
department in Cleveland, Ohio. In 1924-25 he 
held a US National Research Council Fellow- 
ship at University College, London, in EH 
Starling's department, where he studied mvo- 
cardial metabolism with A V Hill (the future 
Nobel laureate). The two months he spent with 
Thomas Lewis had a kev influence, for after he 
became the founding director of the Michael 
Reese Cardiovascular Institute in Chicago in 
1930 he made it into a renowned centre of 
electrocardiography. (Photograph provided by 
Dr Arnold M Katz. 
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The Q5000 Stress Test System offers 
superior versatility and efficiency. 
The touch screen, easy to follow 
menus and clear easy to read display 
make the Q5000 simple to operate, so 
important in todays busy cardiac 
departments. Extensive report and 
screen formatting options are 
available. The Q5000 can be supplied 
with any of the proven Q series 
treadmills. 


The Q-Cath computerised cath-lab 
recording system consists of three 
screens, one touch screen which 
controls the majority of the units 
operations, a waveform display 
screen and an analysis screen for 
patient and sampled data. 


In addition to the main Q-Cath unit, a 
remote work station allows analysis 
to be carried out at the users 
convenience and in the comfort of 
their own office. An optional 
ventriculography analysis system 
and colour printer complete the 
package of this cath-lab recorder 
which was designed to make data 
collection and analysis as easy as 
possible. 


This digital system can be updated as 
and when new software becomes 
available, or is required, giving you 
the most comprehensive 
computerised cath-lab recording 
system available. 


The Q-Plex cardio pulmonary 
exercise system, together with the 
Q4000 or Q5000 provides respiratory 
and metabolic assessment during 
stress testing. It is invaluable in 
evaluating oxygen utilization, 
exertional dyspnea, and other 
cardiopulmonary disorders. 


During the test, Q-Plex provides the 
flexibility to display up to 32 
parameters in graph format and print 
up to 17 parameters in tabular 
format. Any parameters can be 
contained in the final report including 
those not displayed or printed during 
the test. 
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Primary balloon dilatation of coarctation of the 


aorta in neonates 


Andrew N Redington, Phillip Booth, Darryl F Shore, Michael L Rigby 


Abstract 

Primary balloon dilatation of coarcta- 
tion of the aorta was attempted in 10 
consecutive neonates (age range 2-23 
days). The coarctation site was crossed 
and the balloon inflated in all but one 
patient. In two patients with associated 
severe isthmal hypoplasia there was no 
change in the gradient after dilatation. 
In the remainder, the residual gradients 
were trivial and angiography showed 
complete relief of coarctation. 

Severe recoarctation developed 5-12 
weeks after dilatation in five patients, 
each considered to have had an excellent 
initial result. The  coarctation was 
rapidly progressive in three patients in 
whom Doppler studies within two weeks 
of the development of recoarctation had 
shown no significant gradient. In the 
other two patients progressive restenosis 
was charted by Doppler examinations 
over the course of 6-8 weeks. Three 
patients had a second, initially success- 
ful, dilatation procedure. One patient 
remained well with no residual gradient 
18 weeks later. Stenosis recurred within 
eight weeks in the other two, and both 
have undergone successful surgical 
repair. i 

Balloon dilatation of a native coarcta- 
tion of the aorta gave excellent 
immediate results in most neonates. 
Severe isthmal hypoplasia is, however, a 
contraindication to balloon dilatation 
and early restenosis is an important 
problem. These results do not support 
the continued use of primary balloon 
dilatation of coarctation of the aorta in 
neonates. > 


Balloon dilatation of the aorta is the chosen 
treatment for recoarctation of the aorta after 
surgical repair."? Its efficacy in the treatment 
of native coarctation is less well established. 
Variable success has been reported in infants 
and young children undergoing the 
procedure,** but follow up is necessarily 
short, and questions regarding the long term 
development of aortic aneurysm remain unan- 


swered. To date there are only scattered . 


reports of primary balloon dilatation of coarc- 
tation of the aorta in neonates presenting with 
severe coarctation in the first four weeks of 
life.” 

We describe our early experience with this 
group ,of patients. Follow up is short, but 
early restenosis after complete early relief was 
common. 


Patients and methods 

Since December 1988, 10 consecutive neo- 
nates presenting to the Brompton Hospital 
with unoperated coarctation of the aorta have 
undergone attempted balloon dilatation of 
coarctation of the aorta. The median age at 
presentation was 10 (range 2-23) days and the 
mean (SD) weight was 3-2 (1 2) kg. The table 
shows patient details and associated 
anomalies. One patient had complete trans- 
position of the great arteries, four patients had 
a small perimembranous ventricular septal 
defect, and one patient had a large doubly 
committed juxta-arterial ventricular septal 
defect thought to be suitable for primary 
repair if balloon dilatation were successful. At 
presentation none of the patients had femoral 
pulses. Three patients presented with 
cardiovascular collapse requiring resuscitation 
and prostaglandin infusion; the remainder 
presented with tachypnoea and poor feeding 
The full sequential diagnosis was established 
by cross sectional echocardiography in each 
patent. The maximum velocity across the 
coarctation site was recorded by continuous 
wave Doppler measurements and the peak 
instantaneous pressure gradient was cal- 
culated by the modified Bernoulli equation. 
These measurements were repeated 48 hours 
after the procedure and every two weeks dur- 
ing follow up. 

Informed, written consent for cardiac cath- 
eterisation and possible balloon dilatation was 
obtained from the parents in each case. Car- 
diac catheterisation was performed with seda- 
tion and local anaesthesia in two patients and 
with general anaesthesia in the remainder. We 
used a percutaneous retrograde femoral 
arterial approach in all patients. In eight of 
the patients a size 7 French valved introducer 
was inserted 1-2 cm into the femoral artery 
and stabilised by immediate passage of the 
angiographic catheter. This technique enables 
multiple catheter changes, including the 
balloon dilatation catheter, with slight blood 
loss and damage to the artery. In two of the 
smallest patients a size 5 French valved 
introducer was inserted initially and the 
balloon dilatation catheter was later 
introduced percutaneously. All patients were 
given a loading dose of 50 IU of heparin/kg 
body weight when the introducer was inser- 
ted. 

A size 5 French multipurpose catheter was 
used to cross the coarctation site and 1n gen- 
eral this procedure was uncomplicated. The 
pressure gradients before dilatation were thus 
recorded as the difference between the peak 
systolic pressure in the descending aorta 
before and the peak systolic pressure in the 
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Detaus of catheterisation data for each of the 10 neonates p . 
OOO n rennin 


Case Age 
no ( days) 
1 5 
2 8 
3 . 23 
4 2 
3 21 
6 9 
7 3 
8 12 
9 15 
10 3 


` prostaglandin E, 


perunembranous VSD; persistent 
ductus arteriosus 
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Gradient Gradient 
before — after 
í dilatation latation Balloon Weight 
Symptoms Associated abnormalities ( mm Hg) (mm Hg) (mm) — (kg) Outcome]folloto up 
Cyanosis, Transposiuon of great arteries, 38 0 8 30 Successful anatomical correction 
anoa persistent ductus arteriosus 48 hours after dilatation, 
recoarctation at 8 wk, surgical 
40 0 8 3-9 Recoarctauon at 5 wk; repeat 
ne . on at 5 wk; 
S Las dilaranon at 8 wk; restenosis— 
successful surgery 
Poor feeding, Small persistent ductus arteriosus; 38 8 8 37 Recoarctation at 6 wk, repeat 
tachypnoea bicuspid aortic valve dilatation at 9 wk; restenotis— 
successful surgery 
Collapse—on Anomalous origin of left SCA,. — — — 28 Unable to cross coarctation site 
prostaglandin E, moderate perimembranous VSD A 
Tachypnoea Perimembranous VSD 45 0 8 31 Follow-up 37 weeks: normal 
, femoral oe and Doppler 
echocardiography — 
Collapse—on Persistent ductus arteriosus 40 8 8 34 Gradual recoarctation; successful 
prostaglandin E, surgery 
‘Poor feeding, .Large doubly committed subarterial 16 24 8 42 Unsuccessful procedure, isthmal 
tachypnoca VSD, isthmal hypoplasia dissection found at surgery; end- 
to-end anastornosis + PA banding 
Cyanosis, poor Anopthalmia, musculoskeletal 50 0 6 28 Follow-up 22 weeks: normal 
feeding, pre-renal abnormalities femoral pulses and Doppler 
failure 
Tachypnoea, poor Small perimembranous VSD 16 4 8 31 Gradual recoarctation, 
feeding ` successful 2nd balloon 
dilatation; follow up 22 weeks 
Collapse—on Isthmal hypoplasia, 28 28 6 36 Referred for surgery, 


uneventful recovery 





PA, pulmonary artery, SCA, subbclavian artery, VSD, ventricular septal defect. 


ascending aorta after passage of the catheter 
through the coarctation site before angiogra- 
phy. In one patient it was impossible to cross 
the coarctation site because the catheter pers- 
istently followed the course of an anomalous 
right subclavian artery that arose from the 
descending aorta close to the site of coarcta- 
tion. Angiography also showed a tortuous and 
hypoplastic aortic arch and isthmus. 

After aortography the balloon catheter was 
passed over an exchange guidewire left in the 
ascending aorta. We used a balloon the same 
size as (or a little smaller than) the diameter of 
the aorta at the diaphragm measured from the 


' cross sectional echocardiogram (table).*° All 


c 


balloons were carried on size 5 French cath- 
eters and were 15 mm long. After inflation to 
between four and eight atmospheres the 
balloon catheter was deflated and withdrawn, 
to leave the exchange wire in the ascending 
aorta. The size 5 French multipurpose cath- 
eter was then reinserted over the guidewire to 
enable repeat angiography and measurement 
of the pressure gradient. on withdrawal. 

All patients continued to be givén a heparin 
infusion (400 IU/kg/24 h) for 24 hours after 
the procedure. One patient received an 
additional bolus of streptokinase and sub- 
sequent infusion because his leg was persis- 
tently pale and pulseless. 


Results 
In all patients severe preductal coarctation of 
the aorta was confirmed by aortography. The 
mean procedure time for the group was’ 68 
minutes (range 33-118). In one patient it was 
impossible to cross the site of coarctation with 
the balloon catheter (see patients and methods). 
The table shows the peak to peak systolic 
gradients measured before and after balloon 
dilatation in each patient. The mean (SD) 


systolic gradient before dilatation in the nine 
patients in whom balloon dilatation was attem- 
pted was 33 (13) mm Hg, falling to 7 (8) 
mm Hg (p < 0:001, Student's t test) after 
dilatation. Patient 1 underwent successful 
anatomical correction of transposition of the 
great arteries 48 hours after the procedure. 

In two patients the systolic gradient was 
unchanged after the procedure (see below for 
details). Selective ascending aortography after 
dilatation in the remainder showed excellent 
relief of coarctation in all, with no evidence of 
aneurysm formation. Minor irregularities of 
the vessel wall, particularly of the anterior 
surface of the aorta seen in lateral projection, 
were common (fig 1). 

‘The peak instantaneous systolic gradient 
measured by Doppler aortography across the 
coarctation was recorded 48 hours after the 
procedure and was similar to the immediate 
post-dilatation gradients measured on catheter 
withdrawal (fig 2). In two patients (cases 7 and 
10) there was no change in gradient after 
balloon dilatation. In patient 7, despite- mul- 
tiple balloon inflations with pressures >6 
atmospheres, there was a persistent waist at the 
site of coarctation and no reduction in the 
gradient. This patient subsequently underwent 
surgical repair. At operation there was a severe 
dissection of the aortic isthmus with tears in the 
media and near rupture of the isthmus close to 
the coarctation site. Resection of the isthmus 
with an end-to-end anastomosis was per- 
formed. Subsequent recovery was uncom- 
plicated. Review of the angiograms of this 
patient showed that the diameter of the balloon 
was 1 mm less than the diameter of.the descen- 
ding aorta at the diaphragm but 2 mm larger 
than at the hypoplastic isthmus. In the second 
patient there was a long tubular isthmal hypo- 
plasia as well as discrete juxtaductal coarc- 
tation. The balloon diameter selected in this 
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Figure 1! Angiograms of 
the ascending aorta l 
recorded before (left) and 
after ( right ) balloon 
dilatation of a coarctation. 
There are minor 
irregularities of the aortic 
wall in both left anterior 
oblique ( A) and lateral 

( Bj angiographi 
prajections., 


Figure 2 Continuous 


wave Doppler recordings 
of flow in the descending 
aorta before (A) and after 
(B) balloon dilatation of 
coarctation of the aorta in 
patient 2. The pre- 
dilatation recording shows 
the typical appearances of 
severe coarctation, with a 
prolonged diastolic 
gradient. The appearances 
after aortoplasty are 
normal. 
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Figure 3 


Serial left anterior oblique aortograms from patient 6. The top two panels 
show the appearances at original presentation | left) and the immediate result after 
balloon dilatation (right). Recoarctation occurred 6 weeks later (bottom left) and was 
successfully redilated (bottom right), A small intimal flap (*) was seen. Recoarctation 
occurred 8 weeks later and surgery was successful. 


the gradient. disappeared. Figure 3 shows 
sequential aortograms from one of these 
patients. One patient remains well with no 
evidence of restenosis 18 weeks later; in the 
other two patients recoarctation developed 
within eight weeks of the second procedure and 
they have undergone successful surgical repair. 
‘Two further patients who later presented with 
restenosis also had successful elective surgical 
repair with no attempt at a second balloon 
dilatation. The operative findings in these 
patients were indistinguishable from those of 
unoperated coarctation with no obvious 
sequelae from the earlier balloon dilatation. 


Discussion 
After the report by Sos er al of "successful" 
percutaneous balloon dilatation of unoperated 
coarctation in a neonate at necropsy,' there 
have been only scattered reports of primary 
balloon dilatation of coarctation of the aorta in 
children presenting in the first four weeks of 
life." We report the results of balloon dilata- 
tion in 10 consecutive neonates presenting with 
severe coarctation of the aorta. 

Our results showed that balloon dilatation 
relieved severe coarctation in most neonates in 
whom it was attempted; seven of the 10 neon- 
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ates in our study had only trivial residual 
gradients and excellent angiographic appearan- 
ces immediately after the procedure. We 
believe that it is not possible to make any 
technical or methodological changes to 
improve the initial result in these patients. 
None the less, the results for the group as a 
whole are disapponting. There were three early 
failures. In one it was impossible to cross the 
coarctation site because the left subclavian 
artery arose anomalously from the descending 
aorta and there was a tortuous aortic arch and 
isthmus. The other two early failures were in 
patients with moderately severe tubular hypo- 
plasia of the isthmus. Severe dissection of the 
isthmus was found at subsequent operation in 
one of them. This almost certainly resulted 
from the use of a balloon with a diameter 
considerably larger than that of the isthmus, 
though smaller than that of the descending 
aorta at the diaphragm. A different mechanism 
was invoked in an earlier case when a dissecting 
aneurysm of the aortic arch was found at 
necropsy in a one day old child who had 
undergone balloon dilatation for severe coarc- 
tation and subsequently died during open chest 
aortic valvotomy." These workers suggested 
that straightening of the balloon catheter 
within the hypoplastic arch explained the dis- 
section that had occurred proximal to the 
narrowest part of the arch. Two conclusions 
can be drawn from this case and the experience 
with our two patients. First, we suggest that 
appreciable isthmal hypoplasia is a contra- 
indication to balloon dilatation and secondly, 
while selection of balloon diameter according 
to the recommendations of Rao er al (that is, 
the same size or smaller than the descending 
aorta at the diaphragm)" is usually appropriate, 
care should be taken to avoid using a balloon 
with a bigger diameter than that of the aorta 
both proximal and distal to the site of discrete 
coarctation. 

Perhaps more disappointing was the 
occurrence of earlv recoarctation in five of the 
seven neonates in whom an excellent 
immediate result had been obtained. Late res- 
tenosis several months after balloon aortoplasty 
in neonates was reported by others,'" but the 
recoarctation in our patients was much earlier 
and rapidly progressive in three of them. All 
three of these patients had normal Doppler 
aortography and clinically normal femoral pul- 
ses 2—4 weeks before they presented with severe 
recoarctation. In the patients in whom surgical 
repair was undertaken, the findings were indis- 
tinguishable from the usual appearances of 
unoperated juxtaductal coarctation. While 
cicatrisation with fibrosis after the local trauma 
of balloon dilatation may be invoked in the 
patients with slowly progressive recoarctation, 
a more likely explanation, particularly in view 
of the time course of recoarctation, is that 
constriction of residual ductal tissue at the site 
of coarctation led to the more rapidly progres- 
sive restenosis in some of the patients. Indeed, 
the presence of a ''sling" of ductal tissue 
encircling the aorta at the site of coarctation 
was shown by Ho and Anderson by detailed 
histological studies'* and this mechanism has 
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been invoked as a cause of early recoarctation 
after surgical repair. It must be more likely 
after balloon dilatation when the ductal tissue is 
neither incised nor removed. 

Whatever the mechanism of restenosis, it is 
an important problem which taken with the 
early failure rate makes balloon dilatation unat- 
tractive in this group of patients. Particularly 
because surgical repair has a low mortality," 
and when the subclavian flap technique was 
used there is a low incidence of recoarctation.'? 
Thus, even in the absence of longer term follow 
up in the present series, we consider that 
surgical repair remains the best treatment for 
most neonates presenting with coarctation of 
the aorta. 

Balloon dilatation of coarctation of the aorta 
can be performed in most neonates with a good 
early result. It is, however, unsuccessful and 
potentially dangerous in patients with 
associated isthmal hypoplasia. Furthermore, 
early restenosis is common, even when com- 
plete relief of coarctation is obtained. Though 
the technique may be useful when there are 
severe associated abnormalities, it cannot be 
recommended for general application in 
neonates with coarctation of the aorta. 


1 Kan JS, White RI, Mitchell SE, Farmlett EJ, Donahoo JS, 
Gardner T]. Treatment of restenosis of coarctation by 
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Editorial. ST segment changes as a surrogate 
end point in coronary thrombolysis W Stewart 
Hillis, K J Hogg (August issue: volume 64: 
pages 111-2)—-The authors have asked us to 
point out that their address should have read: 
Department of Medicine and Therapeutics, 
University of Glasgow, Stobhill General Hos- 
pital, Balornock Road, Glasgow G21 3UW. 
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longitudinal axis: correlation between anatomy 
and images and its clinical implications 
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Abstract 

Transoesophageal echocardiographic 
imaging in the longitudinal axis is a 
recent addition to the non-invasive 
evaluation of congenital and acquired 
heart disease. The technique provides 
unique images of intracardiac anatomy 
but their interpretation remains 
difficult. A heart specimen was therefore 
cut according to the echocardiographic 
imaging planes to elucidate the mor- 
phological details. The results suggested 
that longitudinal transoesophageal 
imaging complements the transverse 
axis approach. It gave new imaging 
information on the right ventricular 
outflow tract and the pulmonary trunk, 
the atrioventricular valves, the interven- 
tricular septum, the cardiac apex, and 
the thoracic aorta. In particular, it 
showed the entire length of the right 
ventricular outflow tract. When longi- 
tudinal imaging was used in combina- 
tion with transverse imaging almost all 
the thoracic aorta could be examined. 
Imaging in the longitudinal axis may 
also allow better assessment of the 
mechanisms of atrioventricular valve 
regurgitation. 


Transoesophageal echocardiography is evolv- 
ing rapidly as an investigative and monitoring 
technique in the outpatient clinic and the 
operating theatre.'? Studies are usually per- 
formed with a probe that consists of a single, 
phased array transducer mounted at the tip of 
an adapted gastroscope. This produces cross 
sectional images in planes at night angles to 
the shaft of the probe. Standard transoeso- 
phageal probes thus produce short axis scans 
through the heart and great vessels, most of 
which show cardiac morphology in anatomical 
transverse planes.** This transoesophageal 
approach provides detailed insights into the 
systemic and pulmonary venous connections 
and into the morphology and function of the 
atria, the atrioventricular valves and each 
subvalvar apparatus, and the left ventricular 
outflow tract.*? 

Our experience of more than 1000 inves- 


tigations, including some 200 in patients with 
congenital cardiac malformations shows that 
scanning in a single plane in the transverse 
axis displays certain regions of the heart 
poorly. These ‘include the right ventricular 
outflow tract and the apical and trabecular 
components of the interventricular septum. 
Furthermore, much of the ascending aorta is 
inaccessible to transoesophageal imaging in 
the transverse axis because the trachea is 
interposed between' the aorta end the oeso- 
phagus. 

The potential of scanning from within the 
oesophagus has recently been extended by the 
introduction of biplane, phased array probes 
by Omoto and his colleagues.? These probes 


~ have a second transducer mounted at their tip 


that is oriented to scan in planes parallel to the 
shaft of the probe. Biplane transoesophageal 
probes therefore produce two cross sectional 
umages in orthogonal planes, equivalent to 
transverse and longitudinal axis views of the 
heart. However, longitudinal axial scanning 
results in imaging planes that are unfamiliar. 

To establish the anatomical basis for longi- 
tudinal transoesophageal echocardiographic 
imaging and to study its diagnostic potential 
we examined the morphological features of 
longitudinal anatomical sections of the heart 
and compared these with corresponding 
echocardiographic images obtained during 
clinical investigations. 


Patients and methods 

TRANSOESOPHAGEAL ECHO STUDIES 
Transoesophageal imaging studies in both 
transverse and longitudinal planes were per- 
formed with a 5 MHz biplane transoeso- 
phageal probe connected to an Aloka SSD 870 
ultrasound system. Studies were carried out 
on outpatients and during cardiac surgery. 
The probe was rotated to obtain a complete 
series of longitudinal images between one 
hilum and the other, as well as the full range 
of transgastric views and views of the descen- 
ding aorta. We describe the manipulation of 
the probe for an operator who is facing the 
patient. Flexion of the probe in both anterior/ 
posterior and lateral directions was used to 
optimise the image quality and increase the 
range of scan planes. 


Transoesophageal echocardiography in the longitudinal axis 


Figure 1 Diagram of the 
heart showing the 
orientation of five of the 
standard sections that are 
obtained by longitudinal 
transoesophageal imaging. 


Figure2 (A) 
Longitudinal axis scan 
through the right atrium at 
the site of drainage of the 
superior vena cava, 
corresponding to section 1 
in fig 1. The image is 
displayed as it is seen on 
the echocardiographic 
monitor with the posterior 
aspect of the heart to the 
top and the cranial aspect 
to the right. The vein ts cut 
in its long axis; posteriorly 
the right pulmonary artery 
(RPA) is shown in short 
axis. The oval fossa of the 
interatrial septum is shoton 
on the left of the scan; 
fibro-fatty tissue causes the 
bright echo between the 
atrial walls. (B) The 
corresponding anatomical 
sectton as seen from the 
right lateral aspect of the 
heart. It is displayed ina 
true anatomical 
orientation, with the head 
to the top. LA, left 
atrium; RA, right atrium; 
SVC, superior vena cava; 
A, anterior; I, inferior; P, 
posterior; S, superior. 
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IMAGE ORIENTATION 


The transoesophageal longitudinal axis scans, 
like the normal display of precordial images, 
are shown with the great arteries to the right 
side. The posterior aspect of the heart is 
displayed at the top of the image and the 
anterior aspect at the bottom, in keeping with 
the standard orientation of transoesophageal 
scans obtained in the transverse axis. 


: correlation between anatomy and images and its clinical in 





ANATOMICAL STUDY 
A normal adult heart obtained at nec! V was 
perfused and fixed to preserve its shape. Th 
proximal parts of the great vessels we 
retained, with the exception of the pul 
arterial branches beyond the bifurcation 
specimen was first immersed in a wat 
(distilled water), and scanned in successn 
longitudinal planes from a point posterior to 
the left atrium, over the slight indent: 
caused by the oesophagus. [hese echoca: 
diograms were performed with a 
precordial probe (short focus 5 MHz tran: 
ducer in a plastic sleeve containing ultrasound 
gel, connected to a Toshiba SSH 
machine) and the images were recorded oi 
videotape. Black and white prints were take! 
of relevant sections. The ultrasound studie: 
were used to plan the site and orientation 
corresponding anatomical 
heart, which were 
photographed. 

The anatomical sections are displayed in 
true anatomical orientation, with the b 
the heart and the great vessels at the 


160A 


sections of th 


then prepared and 


isi 


ton 


Results 

Imaging the heart in longitudinal ax 
produces many echocardiographic c | 
tions that are unique. The fulcrum from whic! 


LEUN 


ILS 


most of these views are obtained is determi 
by the position of the oesophagus at the back | 
the left atrium, but other unique longitudin 

cross sections can be obtained from the fundu 
of the stomach. When the transduce! 

terior to the left atrium, gradual rotation of the 
probe gives a series of fan shaped scans (1 
From right to left, these pass 
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Figure 3 Longitudinal 
axis anatomical section 
corresponding to section 2 
of fig 1. The ascending 
aorta (Ao) ts shown tn its 
long axis and the orifice of 
the right coronary artery is 
shown. The section also 
cuts the anterosuperior and 
inferior leaflets of the 
tricuspid valve, and the 
distal coronary sinus. LA, 
left atrium; RV, right 
ventricle. 
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through smaller portions of the right heart and 
larger portions of the left heart. Together these 
scans show important features of the atria, the 
atrioventricular valves, the ventricles, and the 
arterial trunks. In addition, longitudinal imag- 
ing with the interrogating scan plane directed 
laterally towards either of the pulmonary hila 
can show the pulmonary veins and pulmonary 
arterial branches in cross section. 

We present the transoesophageal images and 
their anatomical correlates according to the 
standard sequential analysis of cardiac mor- 
phology, although in practice most longi- 
tudinal planes traverse at least three cardiac 
chambers. 


RIGHT ATRIUM AND CONNECTIONS WITH 
THE VENAE CAVAE 
When the ultrasound beam was directed 
towards the right side of the patient a long 
segment of the superior vena cava was dis- 
played. It was displayed horizontally on the 
echocardiographic image (fig 2A). The connec- 
tion of the superior vena cava with the right 
atrium was well displayed, and the right atrial 
appendage was seen anteriorly, cut obliquely 
near its base. Posteriorly the left atrium was cut 
in a longitudinal plane close to the orifices of 
the right pulmonary veins, while the right 
pulmonary artery was cut in its short axis. 
Because the junction of the inferior vena cava 
with the right atrium lies in a sagittal plane 
slightly to the side of the junction of the 
superior vena cava, its connection with the 
atrium could be displayed when the probe 
was inserted a little more deeply and rotated 
slightly in a clockwise direction. The distal 
segment of the coronary sinus was shown 
within the atrioventricular groove. 

The anatomical section corresponding to this 
echocardiographic plane (fig 2B) showed, in 





addition, that the interatrial septum was traver- 
sed medially and anteriorly to the thin oval 
fossa. Apparent thickening of the atrial septum 
around its edge was caused by fat between the 
free walls of the atria, that is in Waterston's 
groove. The true interatrial septum was a thin 
structure in the region of the oval fossa (fig 2B). 


TRICUSPID VALVE 

Slight anticlockwise rotation of the probe 
produced a more medial section through the 
right atrium and brought the tricuspid valve 
into view. The anterosuperior leaflet was dis- 
plaved to the right of the image and the mural 
(or inferior) leaflet to the left. It was difficult 
with longitudinal imaging to define the com- 
missures of the tricuspid valve. The zone of 
coaptation was also not well seen, because a 
considerable portion of it lay in almost a 
longitudinal plane and therefore the leaflets 
could not be scanned tangentially to the closure 
line. The lateral component of the right ven- 
tricular cavity was shown anterior to the tricus- 
pid valve (fig 3). 

Further anticlockwise rotation of the probe 
produced longitudinal scan planes that traver- 
sed the muscular portion of the atrioventricular 
septum, which lies between the offset attach- 
ments of the mitral and tricuspid valve leaflets. 
Imaging of the smaller membranous portion 
of the atrioventricular septum was difficult 
because it lav in almost a longitudinal plane and 
was thus crossed at a very shallow angle. 

Depending on the relative sizes and 
anatomical relation of the ascending aorta and 
the superior vena cava, longitudinal sections 
through the vein sometimes included an ellip- 
tical section of the right side of the anteriorly 
positioned ascending aorta. In all patients, the 
aorta was seen as the scan plane was shifted 
medially and the aortic valve was sectioned. 
The first cusps to be displayed were those 
within the right and non-coronary sinuses (fig 
3). The orifice of the right coronary artery was 
also shown. 

Longitudinal scans through the medial part 
of the tricuspid valve also brought the orifice of 
the coronary sinus into view, and the transverse 
sinus of the pericardial cavity was well seen 
between the posterior aspect of the aorta and 
the anterior wall of the left atrium. 


RIGHT VENTRICULAR OUTFLOW TRACT 

When the longitudinal axis transducer was 
positioned so that it scanned directly forward 
from the oesophagus in a true sagittal plane, the 
resulting imaging plane traversed the right 
ventricular outflow tract tangentially. If the tip 
of the probe was then angled to the right (fig 
4A) the whole length of the right ventricular 
outflow tract was displayed together with the 
pulmonary valve, the proximal pulmonary 
trunk, and the anterolateral free wall of the 
right ventricle in the same view (fig 4B). The 
septal leaflet of the tricuspid valve was 
sometimes included in this section, and the 
atrioventricular portion of the membranous 
septum was crossed superiorly. The aortic root 
was located centrally in this view and all three 
cusps were secuoned (fig 4C). 
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Figure 4. (A) Diagram 
showing the scan plane 
that displays the right 
ventricular outflow tract. 
Thais is obtained by tilting 
the transducer laterally 
from position 3 in fig I. 
(B) Longitudinal axis 
scan through the right 
ventricular cavity: (RV), 
the right ventricular 
outflow tract, and the 
proximal pulmonary trunk 
(PT). Centrally the 
aortic root ( Ao) is cut 
obliquely. Postero- 
inferiorly, a segment of the 
right atrium (RA) is seen 
together with a portion of 
the atrioventricular 
junction and the antero- 
superior leaflet of the 
tricuspid valve. (C) A 
corresponding anatomical 
section. LA, left atrium. 
See fig 2 legend for other 
abbreviations. 
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Slight clockwise or counter-clockwise rota- 
tion of the probe from the central position used 
to scan the right ventricular outflow tract 
showed the pulmonary arterial branches near 
the bifurcation and these could be followed in 
cross section towards the hila. The right pul- 
monary artery was seen and displayed behind 
the ascending aorta, while the left pulmonary 
artery was seen above and in front of the left 
atrial appendage. 


LEFT ATRIUM, MITRAL VALVE, AND LEFT 
VENTRICLE 

When the probe was rotated in an anticlockwise 
direction from the longitudinal scans of the 
right heart towards the left, the left ventricle 
was first shown near the posteromedial com- 
missure of the mitral valve, with the muscular 
portion of the ventricular septum crossed tan- 
gentially (fig 5). The apical part of the right 
ventricle was shown as a rim anteriorly and the 
muscular septum was shown in oblique section. 
A small portion of the interventricular com- 
ponent of the membranous septum was still 
visualised cranially. 





Continued anticlockwise rotation could bi 
used to study the coaptation of the leaflets of the 
mitral valve in longitudinal planes 
the posteromedial commissure and the middle 
of the leaflets, these planes crossed the zone of 
coaptation approximately at right angles to the 
apposed edges of the leaflets (fig 6). More 
laterally, the imaging planes became more o: 
less parallel to the zone of coaptation as it 
curved upwards towards the left atrial appen 
dage. Thus with longitudinal imaging the rela 
tions between the leaflets over their lateral 
thirds and near the anterolateral commissure 
are difficult to ascertain. Indeed, the space 
between the middle and lateral scallops of the 
mural (posterior) leaflet could be confused with 
the zone of coaptation. Because the papillary 
muscles lie almost in the same longitudinal 
plane, they may be seen together on oni 
echocardiographic image. 

The left ventricular outflow tract was cu 
obliquely when it was assessed in a serii H 
longitudinal scans. Continuity between the 
leaflets of the aortic and mitral valves and the 
left coronary sinus of the aorta could be shown 


jetween 
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Figure S Anatomical 
section through the 
muscular interventricular 
septum (IVS) 
corresponding to section 4 
in fig 1. The coaptation 
zone of the mitral valve ts 
crossed near the postero- 
medial commissure. The 
section also shows the left 
coronary cusp and part of 
the adjacent sinus of 


Valsalva. LA, left atrium; 


PT, pulmonary trunk. 


Figure 6 Anatomical 
section through the left 
ventricle corresponding to 
section 5 in fig 1. This 
shows the posterior 
muscular ventricular 
septum but not the true left 
ventricular apex. The 
mitral valve is sectioned in 
the middle third of the 
zone of coaptation. The 
stte of drainage of both left 
pulmonary veins and the 
junction of the left atrial 
appendage with the atrial 
cavity are also seen. LA, 
left atrium; LV, left 
ventricle. 
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by further anticlockwise rotation of the probe 
from the position used for scanning the right 
ventricular outflow tract. The wedged position 
of the aortic root between the atrioventricular 
valvar junctions, and the curtain-shaped area of 
aortic-mitral valvar continuity could be asses- 
sed better by imaging in the transverse axis. 
Further anticlockwise rotation of the probe 
directed the ultrasound beam towards the left 
side of the patient, showing the left ventricle in 
its long axis. Initially, such planes do not 
include the apex, thereby confirming that fore- 
shortening of the left ventricle is possible on 
longitudinal imaging as it is on transverse 
imaging. With further anticlockwise rotation 
and slight leftward angulation of the trans- 
ducer, however, the true apex of the left 
ventricle was shown (fig 7). The left atrium was 
traversed laterally, near the entry of the left 
pulmonary veins. Further rotation. showed 
both the left atrial appendage in its long axis 





and the left upper pulmonary vein in the same 
cross section. The left upper pulmonary vein 
was seen cranioposteriorly to the junction of 
the left atrial appendage with the left atrium. 
Anterior and also cranial to the lefr atrial 
appendage, the left pulmonary artery was seen 
in its short axis. 

Scanning beyond the left atrium towards the 
left hilum showed the left pulmonary veins and 
the left pulmonary artery in their short axes in 
front of the descending aorta (fig 8). 


THORACIC AORTA 

The proximal ascending aorta was well demon- 
strated in longitudinal echocardiographic 
planes (fig 9). Because the probe could be 
angled upwards from a site in the oesophagus 
just beneath the carina, the mid and upper parts 
of the ascending aorta could be imaged along a 
greater length than is possible with standard 
transverse imaging, which is limited by the 
interposition of the trachea between the oeso- 
phagus and the aorta. Nevertheless, even when 
transverse and longitudinal axes were used in 
combination, a short segment of the upper 
ascending aorta remained inaccessible from the 
oesophagus. 

Conventional transoesophageal  echocar- 
diographic studies of the aortic arch in trans- 
verse planes produce long ellipsoid cross sec- 
tions of the arch. As would be expected, 
therefore, scanning of the arch in longitudinal 
planes provided short axis or circular cross 
sections of the aorta (fig 10). A segment of one 
of the pulmonary arteries adjacent to the bifur- 
cation of the pulmonary trunk was seen 
anteriorly and caudally. With the probe direc- 
ted to the left or posteriorly from the oeso- 
phagus, longitudinal scans showed long seg- 
ments of the descending aorta (fig 8), making 
the assessment of abnormalities of the thoracic 
aorta by biplane transoesophageal echocar- 
diography faster and more detailed than is 
possible with single plane imaging. 





Figure 7 
ventricle ( LV ) in its long axis and including the left 
ventricular apex. This view was obtained with slight left 
lateral angulation of the transducer. The zone of 


Longitudinal axis scan showing the left 


coaptation betzween the anterior ( aortic) and posterior 

mural) leaflets of the mitral valve is shown as is the 
junction (arrow) of the left atrial appendage with the left 
atrium (LA). The left pulmonary artery ( LPA) is cut 
in tts short axis. 
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longitudinal imaging planes. Thi 
our initial clinical experience sugge 
technique will be a valuable additio: 
dard transoesophageal imaging i 
verse axis in the assessment of spe 
of both congenital and acquired heart 


longitudinal axis showed the entire 
the right ventricular outflow tract 
almost impossible when transverse axi 
were used on their own. In addit 
technique may enhance the asse: 
overriding of the arterial valves o 
tricular septal defect. The planes wer 
determining the integrity of thi 
tricular septum and in showing the 
and shape of its components and th 
the ventricular chambers one to 
Imaging in the longitudinal axis 
may be expected to have considerab 
Figure 8 Transverse ( T) and longitudinal (L) axial scans of the descending aorta impact on the echocardiographic asst 
(Ao) at the level of the left upper pulmonary vein ( LUPV ). Long segments of the complex congenital heart disease in ad: 
anterior and posterior walls of the descending aorta are shown on the same longitudinal and in adults with poor precordial 
scan. Anteriorly the left pulmonary artery ( LP A) and the left upper pulmonary vein 
are cut in short axis at their peripheral branching. In patients with acquired heart dis 
experience suggested that the techni 
most useful in assessing disease of tl 
aorta," such as dissection or ancui 
Discussion combination of imaging in the longi! 
Transoesophageal echocardiography is widely transverse planes now allows an alm 
used for the investigation of adults with plete echocardiographic assessment 





In congenital heart disease, imaging 


acquired heart disease. Current indications for between the aortic valve and the diap! 


transoesophageal studies include a suspected This should prove invaluable in 
atrial abnormality," atrioventricular valvar diagnosis of patients with acute chest ] 
dysfunction," endocarditis," ^ and abnor- suspected daiis dissection Flou 
mality of the aorta." '® Although imaging in  piplane transoesophageal imaging 
transverse axes provides excellent images and play a small portion of the uppet 
detailed diagnostic information, the range Of aorta and the proximal arch, althoug! 
scan planes that can be obtained is strictly considerably smaller than the area 
limited, even when the steering facilities are inaccessible to imaging in the transvei 
fully used. Thus the introduction of additional alone. Finally. colour flow mappins 
imaging in the longitudinal axis, by Omoto and longitudinal ‘asia will contribute 
colleagues,’ may further increase the diagnostic better understanding of the nature and 
impact of transoesophageal echocardiography. lesions of the aorta. For example 
We studied the anatomical details of these new ore rapid and accurate distinctioi 
true and false lumens in aortic diss 
Imaging in the longitudinal axis m 
of value in patients with disease 
root, such as infective endocarditi 
those with prosthetic valve dys 
because it allows the examinatio: 
imaging planes. Although the techniqu 
on its own provide a complete al 
atrioventricular valvar shape, lon; 
imaging displays the anterosuperio! 
(inferior) leaflets of the tricuspid 
useful for analysing coaptation over tl 
half of the mitral valve. Thu: 
plement the information that is obta 
precordial and transverse trans 
techniques. Biplane transoesophagea! 
diography may be used to obtain co! 
maps of regurgitant jets that can be ai 
orthogonal planes. 





Figure 9 Longitudinal axis scan obtained when the tip 
of the probe was flexed upwards from a position behind Scanning in the longitudinal! 
the left atrium (LA). A long segment of the ascending within the oesophagus has son 
aorta ( Ao) is shown. Postertorly the right pulmonary 
artery (RPA) and anteriorly (at the bottom of the 
image ) a small segment of the proximal pulmonary trunk example, it did not improve visualisat 
( PT ) are also shown. The tricuspid valve and the right branches of the pulmi mary trunk 


compared with transverse axial ıma 


ventricle are not shown on this high longitudinal image, . . 
| ; "d, x ER splaved e rin oblique ot 

which corresponds to the upper half of the anatomical always dis played either in obliqu 

section m fig 3. In particular, no additional inforn 
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Transverse / T) and longitudinal (L) axis scans of the aortic arch. The 
aortic arch (Arch) is shown almost in its long axis on the transverse axis scan, whereas tt 
is cut in short axis on the longitudinal scan. A segment of the proximal right pulmonary 

| ts displayed inferiorly. 


obtained on the course and shape of the left 
pulmonary artery, and transoesophageal imag- 
ing of this vessel remains difficult. 

The longitudinal axial approach cannot con- 
tribute significantly to the haemodynamic 
evaluation of either congenital or acquired 
heart disease. The assessment of flow across the 
atrioventricular valves is similar with both 
approaches. Although the pulmonary trunk 
and the right ventricular outflow tract are much 
better displayed by longitudinal than by 
transverse imaging, pulsed Doppler interroga- 
tion in longitudinal planes is less rewarding, 
because the angle of incidence between the 
ultrasonic beam and the flow of blood in these 
structures always approaches 90°. Therefore, 
even when both planes are used in combina- 
tion, the haemodynamic evaluation of cardiac 
lesions will require precordial ultrasound. 

A final technical consideration that militates 
against the use of biplane transoesophageal 
probes for all routine transoesophageal studies 
is that the number of elements in each trans- 
ducer is less than what is normally available 
with transducers designed for use in a single 
plane. Indeed, the high definition of standard 
transoesophageal imaging is a major advantage 
of the technique. At present, however, there is 
an inevitable compromise in biplane imaging 
because of the need to incorporate the elec- 
tronic connections for two transducers within 
the shaft of one probe. These considerations 
account for the definition of the echocardiogra- 
phic images presented in the present report 
which is less than what is now considered 
routine from single plane transoesophageal 
studies. In our opinion, biplane transoeso- 
phageal imaging should be performed only 


when prior clinical and echocardiographic 
assessment suggests that it may provide diag- 
nostic images of unique value. 

The addition of imaging in the longitudinal 
axis complements the standard transoeso- 
phageal echocardiographic technique. Some of 
the cross sections obtained are unique. A 
thorough understanding of the anatomical 
basis of transoesophageal imaging in the longi- 
tudinal axis will enhance the diagnostic impact 
of this important new technique. 
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CASE REPORT 
Rash after treatment with anistreplase 
Nigel Burrows, Robin Russell Jones 
Abstract were well controlled by treatment with 
A palpable purpura developed on the metformin (1 g twice a day), atenolol (100 mg 
legs and lower abdomen of a woman of once a day), and aspirin (100 mg daily). There 
54 five days after she was treated with had been no recent change to her medication. 
anistreplase anisoylated plasminogen An electrocardiogram at presentation con- 
streptokinase activator complex firmed an acute myocardial infarction with 
(APSAC) for an acute myocardial in- considerable ST elevation in the inferior 
farction. Histological examination of leads. She was treated with 30 units of 
a skin biopsy specimen taken 6 days  anistreplase, without heparin, by slow 
after treatment showed leucocytoclastic intravenous injection. 
vasculitis. The rash resolved within She made an uneventful recovery until 5 
two weeks and there were no other days after anistreplase treatment when a 
complications. palpable, purpuric rash developed mainly on 
the extensor aspect of her legs and extended 
to the lower trunk. Plasma urea, serum 
creatinine, a full blood count, and clotting 
An illness resembling serum sickness and studies were normal. Urine microscopy was 
presenting with pyrexia, peripheral oedema, negative. Tests for antinuclear factor, 
arthritis/arthralgia, and rash can complicate antibody to extractable nuclear antigen, 
treatment with streptokinase.’ We report the rheumatoid factor, Australia antigen, and 
development of a rash as the sole complication cryoglobulins were also negative. A biopsy 
of treatment with anistreplase (anisoylated specimen of lesional skin (figure), obtained 
plasminogen streptokinase activator complex on day six, showed a mixed perivascular 
(APSAC)). inflammatory cell infiltrate, red cell extra- 
vasation, fibrinoid necrosis of the dermal 
blood vessels, and fragmentation of neutro- 
Case report phils (leucocytoclasia). Staining by direct 
A 54 year old Asian woman presented witha6 immunofluorescence showed C3 and IgM 
hour history of central chest pain radiating around the blood vessels. These findings were 
down the left arm. She had non-insulin consistent with an acute leucocytoclastic 
dependent diabetes and hypertension that vasculitis. 
Department of 
Dermatology, Ealing 
Hospital, Southall, 
Middlesex 
N Burrows 


R Russell Jones 
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Dr Nigel Burrows, 
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Figure A skin biopsy specimen taken 6 days after anistreplase. It shows leucocytoclastic vasculitis with a prominent 
number of neutrophils in the inflammatory infiltrate surrounding a venule (arrow). 
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Discussion 


'The cutaneous manifestations of drug induced 
vasculitis are often associated with more 
systemic 
patient, as with other reported cases,! the 
course was benign and the rash resolved 
within two weeks. A review of recent trials of 
anistreplase failed 
rashes,” though this complication was found in 
0-8% of patients receiving anistreplase.° 


serious 


Burrows, Russell Jones 


| Alexopoulos D, Raine AEG, Cobbe SM Serum sickness 


complications. In our 


to mention purpuric 


complicating intravenous streptokinase therapy in acute 
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Members will soon be receiving a mailing 
shot concerning the Glasgow meeting 
Preparations are now well under way. 
Accommodation has been reserved at a range 
of prices, but early booking is advisable The 
main conference hotel adjoins the conference 
centre Glasgow has worked hard to justify its 
claim to be the cultural centre of Europe. 
Members of the society may not (indeed 
should not . ) have time to make an ın- 
formed judgment on this claim during the 
course of the meeting, but we believe that the 
city will prove to be another popular venue. 
The format of the meeting will be very similar 
to that adopted in Torquay, with the first half 
day allocated to the working groups (Tuesday 
30 April), followed by three days of the main 
meeting (Wednesday 1 May to Friday 3 
May) On each day of the main meeting there 
will be plenary sessions in the morning and a 
named lecture in the evening The Young 
Research Workers Prize wil be held on 
Thursday 2 May. the time for this has been 
increased so that each finalist will have 15 
minutes for the presentation followed by 10 
munutes for questions. The Nurses Day will 
also be on the Thursday and the Technicians 
Day has been arranged for Friday The 
closing date for abstracts is earlier this year 
than previously, and we have had to set this 
for 10 December. 

The new training programme in cardiology 


continues to pose problems The Royal 


College of Physicians has given strong sup- 
port to our need for protected registrar 
posts—essential if we are to plan training over 


six years in two blocks of three years. But . 


other specialties feel the need for protected 
posts as well, a very reasonable viewpoint 
particularly for those with training needs 
similar to our own. The college therefore 
decided to make general recommendations to 
the Joint Planning Advisory Committee re- 
lating to registrar training, rather than sup- 
porting cardiology alone ‘If the College 
recommendations are accepted, as surely they 
should be, the proposals for restructuring the 
registrar grade must be modified. It is as well 
to remember that the planned drastic cut back 
in registrar posts was to be introduced over 
a period of 10 years Some regions seem 


hell-bent on making the changes almost im- 
mediately. Less enthusiasm would be 
expected 1f expansion rather than contraction 
were being proposed . 

Members of the British Cardiac Society 


should know of the formation of a European. 


Resuscitation Council. The idea was born ofa 


frustrated attempt to form a working group - 


on resuscitation within the European Society 
of Cardiology—rejected by the General 
Assembly in Dusseldorf. A group of car- 
diologists, with the United Kingdom well 
represented, met at the Vienna congress and 
decided that an organisation dedicated to 
resuscitation should be multidisciplinary if ıt 
were to be widely successful. The Resuscita- 
tion Council of the United Kingdom was a 
useful model The 1dea was well accepted, 
and plans moved ahead rapidly. An ad hoc 
meeting of interested individuals from several 
European countries took place 1n Antwerp in 
December 1988, and a provisional organisa- 
tion was set up. The European Resuscitation 
Council was created formally in August 1989, 
and the first General Assernbly of the Council 
was held ın June 1990 The primary objective 


of the Council 1s “to preserve life by im- 


proving standards of resuscitation 1n Europe 
and to co-ordinate the activities of European 
organisations with a major interest in 
Cardiopulmonary Resuscitation (CPR).” 
The secondary objectives are “to produce 
guidelines and recommendanons appropriate 
to Europe for the practice of cardio- 
pulmonary and cerebral resuscitation; to 
update these guidelines in the light of critical 
reviews of the practice of cardiopulmonary 
resuscitation; to promote audit of resuscita- 
tion practice including standardisation of 
records of resuscitation attempts; to design 
standardised teaching programmes suitable 
for all trainees in Europe ranging from the lay 
public to the qualified physician; to promote 
and co-ordinate appropriate research; to 
organise relevant scientific meetings in 
Europe; and to promote political and public 
awareness of resuscitauon requirements and 
practice in Europe " The'societies that are 
represented on the council include: the 
European Society of Cardiology, the World 
Federation of Societies of Anaesthesiology 
(European Section), the European Academy 
of Anaesthesiology, the European Society of 
Intensive Care Medicine, and national 
societies of cardiology, anaesthesia, and 


intensive care from many European coun-: 


tries Informal contacts have already been 
made between the European Resuscitation 
Council and' representatives from the 
American Heart Association National Emer- 
gency Cardiac Care Committee and the 
National Advanced Cardiac Life Support 
Subcommuttee. An early meetung between the 
European Resuscitation Council and repre- 


sentauves of these two organisations 1s likely 
to take place in Norway at the end of the year 
to discuss uniform guidelines for reporting 
performance and outcome data in relation to 
cardiac arrest in hospital and out of hospital. 
Colleagues from Canada and Australia may 
also attend. 

Harmonisation is the jargon word of the 
90s, and the pursuit of uniformity threatens 
to become an end in itself. But the objectives 
here are sound, and progress is assured. The 
President represents the British. Cardiac 
Society on the European Resuscitation 
Council He is a member of the Executive 
Committee and will attend the Norwegian 
meeting. The Officers of the European 
Resuscitanon Council are. Chairman, Dr 
Peter Baskett (anaesthetist, UK); Vice Chair- 
man, Dr Stig Holmberg (cardiologist, 
Sweden), Secretary, Professor Leo Bossaert 
(cardiologist, Belgium); Treasurer, Professor 
Daniel Scheidegger (anaesthetist, Switzer- 
land). The Secretariat of the Council is 
located 1n Antwerp. The address 1s. European 
Resuscitation Council Secretariat, c/o 
Professor IL Bossaert, University of 
Antwerp—UIA, Universiteitsplein 1, B2610 
Antwerp, Belgium. 

We end this letter with another request: 
that members of the society should consider 
using this page 1n the journal to put forward 
news and ideas, criticisms, and comments. 
We have heard it said that members have too 
little voice in the affairs of the society. We 
offer a platform, but where have the speakers 
gone?- 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Soctety 
PAUL OLDERSHAW 
Secretary, British Cardiac Society, 
St Andrew’s Place, 

London NW I 4LB 





NOTICES 





British Cardiac Society 

The Annual Meeting will take place at the 
Scotush Exhibition Centre, Glasgow on 30 
April to 3 May 1991 The closing date for 
receipt of abstracts will be 10 December 1989 


Clinical Autonomic Research Society 

The Annual Meeting of the Clinical 
Autonomic Research Society will be held on 
16 November 1990 at St Mary’s Hospital 
Medical School, London.\ Inquiries to Dr 
David Jordan, Department of Physiology, 
Royal Free Hospital Medical School, 
Rowland Hill Street, London NW3 2PF. 
Telephone (071) 794 0500, extension 4304. 


British Heart Journal October 1990 
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or more than 40 years, cardiologists have looked to Circulation as a valued associate. Une reaso! 
F is that the most important clinical and laboratory research relevant to cardiovascular disease 
first published in these pages, along with other regular features such as the Clinical Progress Series 
Research Advances Series, Editorials, Point of View, Editorial Comments, Letters to the Editor, and thi 
AHA News and Meetings Calendar. Another reason for Circulation’s stature is its rigorous peer 
review process provided by an international editorial board under the leadership of Editor-in-Chief Joh: 
Ross, Jr., MD. Still another is Circulation’s ISI impact factor: first in the cardiovascular system category 
which included: 59 journals in 1988. = Moreover, Circulation is regularly indexed in Excerpta Medica 
Index Medicus, Biological Abstracts, Chemical Abstracts, and Life Sciences Collection. It is also available 
on BRS Colleague All of which make Circulation the foremost authority _@ 
in the field, an authority you should consult each month. For subscription : 
information call 214-706-1310, or send your request by FAX to 214-691-2704. 


American Heart 
Association 











For information in Japan, contact Nankodo Co. Ltd., 42-6 Hongo $-chome, Bunkyo-ku Tokyo 11$ Japan, FAX 08-51 
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Should we get up in the morning? Observations on circadian variations in cardiac events 0 fsdeafev, 
H Purcell, K Fox 


Atherosclerosis: inhibition or regression as therapeutic possibilities M J Davies, D M Krikter, D Kurs 


Determinants of successful transthoracic defibrillation and outcome in ventricular 

fibrillation G W N Daizell, A A J Adgev 

A quantitative histopathological study of right bundle branch block complicating acute anteroseptal 
myocardial infarction M Okabe, K Fukuda, Y Nakashima, T Hiroki, K Arakawa, M Kikuchi | 
An antioxidant role for calcium antagonists in the prevention of adrenaline mediated myocardial and - 
endothelial damage A A Noronha-Dutra, E M Steen-Dutra, N Woolf 

Histopathological validation of high frequency epicardial echocardiography of the coronary arteries in 
vitro A Kenny, C A Fuller, N R B Cary, L M Shapiro 

Myocardial infarction in childhood: clinical analysis of 17 cases and medium term follow up of 
survivors D S Celermajer, G F Sholler, R Howman-Giles, J M Celermajer 





Influence of physical exercise on serum digoxin concentration and heart rate in patients with atrii 
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NOTICE TO CONTRIBUTORS 


Papers relating to the heart and circulation should be 
sent in triplicate to the Editor, British Heart Journal, 
BMA House, Tavistock Square, London WCIH 9JR, 
and be prepared according to the Uniform requirements 
for manuscripts submitted to biomedical journals (Van- 
couver agreement) (Br Med J 1988;296:101—5). 
Authors are asked to complete a copy of the 
checklist provided (1991;65:59-60 (January issue)) 
when submitting their manuscripts for publica- 
tion. The reference number given on the acknow- 
ledgement postcard sent out by the editorial office 
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telephone inquiries. A covering letter must be signed by 
all authors stating that they have seen and approved the 
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publication. (All material for possible publication 
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formed consent of the subjects has been obtained. 
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Editorial 


Should we get up in the morning? Observations on circadian 


variations in cardiac events 


The recent fascination with circadian patterns in cardio- 
vascular disease processes has led to a plethora of papers on 
the subject. But why do such variations occur and what 
does 1t all mean? In this article we analyse the findings of 
recent studies and discuss the clinical implications of 
circadian variations in cardiovascular disease processes. 


Myocardial infarction, sudden cardiac death, and 
stroke 

Several studies show a significant peak in the incidence of 
acute myocardial infarction in the morning waking 
hours." * Hjalmarson et al, in a study of over 4500 patients 
with acute myocardial infarction, reported a primary 
morning peak in events and a lesser evening peak (fig 1),! 
confirming the findings of Muller and colleagues.? In the 
ISAM (intravenous streptokinase in acute myocardial 
infarction) trial and the Physicians Health Study there was 
a significant morning peak in acute myocardial infarction." * 
Also Thompson and his colleagues found a primary peak 1n 
the morning and a lesser one at midnight for onset of chest 
pain.’ Reports assessing the time of sudden cardiac death 
confirm the same morning peak in incidence.” This is not 
surprising because many sudden deaths result from acute 
myocardial infarction. The incidence of ischaemic stroke 
has also been shown to be highest in the morning." 


Why “thrombosis and death at dawn"? 

To determine why these critical cardiac events cluster in 
the morning waking hours, we must look at the variables 
that predispose to such events. Myocardial ischaemia can 
now be assessed easily during daily routines by ambulatory 
ST segment monitoring, and in patients with coronary 
disease it has been amply demonstrated that there is a 
considerable increase in ischaemic activity (both silent and 
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Figure 1 Distribution of hours of symptom onset of myocardial 
infarction (n = 4796) by six-hour mtervals (reproduced wth 
permission of Hjalmarson A, et al. Circulation 1989;80:267—75). 


symptomatic) during the morning waking hours,’ ? which 
may predispose to the end points of coronary disease. The 
variables that we seek to control by medical treatment in 
patients with coronary artery disease include heart rate, 
blood pressure, coronary blood flow, and the thrombotic 
state. It has now been shown that a surge in heart rate!! 7 
and blood pressure" ? at this time coincides with a peak in 
catecholamine release. These combined alterations 
increase myocardial oxygen demand, coronary and sys- 
temic vasoconstriction, and the risk of ventricular arrhyth- 
mia. The surge in blood pressure increases shear stresses at 
the sites of coronary stenoses which may lead to plaque 
fissuring with its resultant complications. Coronary blood 
flow is also significantly less in the morning than in the 
afternoon,” resulting in a reduction in myocardial oxygen 
supply. There is a peak in platelet stickiness in the 
morning!*? and a trough in the fibrinolytic state.” '? Thus 
the tendency to thrombosis is greatest at this time. 


Should we stay in bed until after lunch? 

Staying in bed in the morning is not likely to be cardio- 
protective; a recent study by Goldberg ez ai"? tends to 
confirm this. They showed a peak incidence (23%) of onset 
of symptoms of acute myocardial infarction in the first hour 
after awakening rather than, less specifically, in the morning 
hours (fig 2).? Ridker et al’s study also showed this 
association with awakening.* Rocco and colleagues showed 
that transient ischaemia is more common in the two hours 
after awakening.” The peak in platelet stickiness seems to 
relate not particularly to time but to getting up.’° Though 
blood pressure begins to rise before waking the major surge 
results from the start of daily activities.” Finally, members 
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Figure 2. Time of onset of initial symptoms of acute myocardial 
infarction after awakening (reproduced mth permission of Goldberg RJ, 
et al. Am J Cardiol 1990;66:140—4) 
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Figure 3 Estimated time and frequency of myocardial infarction onset 
among 11 034 subjects at risk in the aspirin group and 11 037 subjects at 
risk in the placebo group (reproduced with permission of Ridker PM, et 
al. Circulation 1990,82:897—902). 


of a symphony orchestra who had an unusual temporal 
pattern of work showed significant alterations in the cir- 
cadian pattern of heart rate,” which presumably reflects 
similar changes in catecholamine release and blood pres- 
sure. Because most people get up in the morning it is 
difficult to study circadian patterns in cardiac disease. If we 
all got up at noon the peak in cardiovascular events would 
probably simply be shifted to the afternoon. Thus the 
concept of “‘thrombosis and death at dawn” could be more 
aptly described as “‘thrombosis and death on arising”. The 
potential cardiovascular benefits of not getting up at all 
would surely be far outweighed by a reduced quality of life 
and the complications of prolonged bed rest. 


Can we modify these circadian patterns? 

In theory, any pharmacological intervention that alters 
heart rate, blood pressure, coronary blood flow, or the 
thrombotic state favourably for the coronary patient should 
have its greatest beneficial effect in the morning waking 
hours. This has been confirmed in various studies. Muller et 
al noted that there was no morning peak in acute myocar- 
dial infarction in those receiving f blocking agents,’ and 
this was confirmed in the ISAM trial’ and in Hjalmarson's 
report! Furthermore, f blockers eradicate the morning 
peak in ischaemia,'°?' and in the Beta-Blocker Heart Attack 
Trial the incidence of sudden death was significantly 
reduced in the group receiving propranolol, with this 
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Figure 4 Crradian variation in transient myocardial tschaerma, non- 
fatal myocardtal tnfarction, and sudden cardiac death (reproduced with 
permission of Mulcahy D, et al. Lancet 1988;3i1:755-9) 
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beneficial effect being almost totally confined to the morning 
hours.” Calcium antagonists do not seem reliably to alter 
the circadian pattern of ischaemia" or acute myocardial 
infarction, suggesting that alteration in coronary 
vasomotor tone is not the predominant precipitating factor 
in these morning events: indeed it has been clearly shown 
that those patients with extreme alteration in coronary 
vasomotor tone (coronary spasm) have a peak in ischaemic 
episodes at night.” A recent study of high doses of 
nifedipine, however, suggests that the morning surges in 
ischaemia can be prevented.” 

Although Willich et al found no alteration in the 
“classical” circadian pattern of infarction in those receiv- 
ing aspirin,’ the recently published Physicians Health 
Study of over 22 000 subjects showed a significant reduc- 
tion in the incidence of non-fatal myocardial infarction in 
those receiving aspirin, and showed that this beneficial effect 
resulted largely from a reduction in events in the morning 
waking hours, the reported time of peak platelet stickiness 
(fig 3).* 


Clinical implications 

Only one general fact has emerged from the study of 
circadian patterns in cardiovascular function: the time soon 
after awakening is a particularly dangerous one for the 
coronary patient (fig 4). This is not surprising because we 
know that all the variables that we seek to control and 
modify with medical or surgical intervention act against the 
patient with coronary disease primarily at this time. We 
now know that we can modify the circadian patterns of 
ischaemia and the end points of cardiac disease particularly 
with the use of f blockade, though whether this translates 
into an improved outlook for the patient is not clear. 
Aspirin modifies the morning peak in infarction and does 
improve patient outlook, suggesting a strong relation 
between platelet activity and acute myocardial infarction. 
The morning peak in “‘cardiovascular disease activity” and 
the alteration in circadian patterns in those with different 
temporal patterns of work emphasise the potential impor- 
tance of 24 hour protection for the cardiac patient. Further 
study 1s required in patients with coronary artery disease 
and altered temporal patterns of work to establish whether 
the end points of coronary disease are related primarily to 
the sleep-weke period or to identifiable periods of increased 
activity or stress during daily life. 
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Atherosclerosis: inhibition or regression as 


therapeutic possibilities 


M J Davies, D M Krikler, D Katz 


Therapeutic modulation of the atherosclerotic 
process in human coronary arteries i$ now 
being attempted. A major aim of such 
attempts has been régression—that is, a 
diminution in the volume of atherosclerotic 
tissue. Many patients would, however, settle 
for stabilisation of their disease without fur- 
ther progression, and with a reduced risk of 
acute ischaemic events in the future. These 
may be more achievable aims. 


Mechanisms of plaque growth 

Atherosclerotic plaques grow by the 
accumulation of lipid and the production of 
connective tissue matrix proteins, such as 
collagen, by smooth muscle cells. Lipid 
accumulation within the intima is a complex 
process. Plasma low density lipoproteins 
(LDL. freely enter and leave the intima across 
the endothelial surface. The first mórpho- 
logical change in the initiation of athero- 


sclerosis in humans and in all animal models! ^ 


is the migration of monocytes through an 
intact endothelial surface into the intima; 
these monocytes subsequently take up LDL 
and become lipid filled macrophage foam cells 
within the intima. Monocytes do not, 
however, have a receptor which enables them 
to take up native LDL within the intima. This 
paradox was resolved when it was realised that 
modification of the LDL by acetylation or 
oxidation leads to avid uptake by macrophages 
via the alternative scavenger receptor.’ Oxida- 
tion of LDL occurs within or adjacent to 
endothelial cells and after binding of LDL to 
proteoglycans, within the intima. Oxidised 
LDL acts as a chemoattractant for monocytes, 
which it immobilises in the intima. It also acts 
as an activating factor and is cytotoxic as well 
as being ingested to form cholesterol filled 
foam cells. Oxidised lipid has been shown 
within the intima both in experimental and 
human atherosclerosis.* The progression of 
plaques’ is also associated with the accumula- 
tion of cholesteryl ester and cholesterol out- 
side cells; this may be due either to release 
from dying foam cells or to direct extracellular 
conversion of LDL bound to the connective 
tissue matrix in the intima. Smooth muscle 
cells will also take up low density lipoproteins 
but it is now apparent that most cells within 
the intima in which the cytoplasm is com- 
pletely distended by lipid to form the classic 
foam cell are monocyte derived.’ 

Removal of cholesterol from the intima is 


mediated by high density lipoproteins (HDL), 
which also freely enter the arterial wall across 
the endothelium.® They are less avidly bound 
by the connective tissue matrix and, being 
smaller than LDL particles, can move freely 
within the intima. HDL has an affinity to bind 
unesterified cholesterol; subsequently, within 
the: HDL/cholesterol complex the enzyme 
lecithin -cholesterol acyl transferase (LCAT) 
re-esterifies the cholesterol and the whole 
complex passes back into the plasma. Choles- 
terol ester is now transferred, via the activity 
of cholesteryl ester transfer protein, to LDL 
and very low density lipoprotein (VLDL) 
particles which can be taken up by the liver 
cells. The initial step of creating unesterified 
cholesterol that is available for binding to 
HDL is complex and crucial to an under- 
standing of how lipid can be removed from 
established plaques. Direct binding of un- 
esterified cholesterol to HDL within the 
extracellular lipid component of the intima 
may occur but most current knowledge con- 
cerns the release of cholesterol from within 
macrophage foam cells. The reaction is 
mediated by the specific interaction of HDL 
with a macrophage surface receptor, the whole 
complex being  internalised and then 
resecreted, having been enriched with choles- 
terol within the cell. There is a second path- 
way, in which conglomerates of cholesterol 
and phospholipid formed within lysosomes 
are extruded from the cell surface to be avail- 
able for binding with HDL.?'? The rate and 
mechanisms by which crystalline cholesterol 
could be removed from the lipid core of 
human lesions are less certain.!! 

Smooth muscle proliferation and collagen 
synthesis are the other integral parts of plaque 
growth. This is, however, not always directly 
coupled to lipid accumulation; some plaques 
seem to be predominantly collagenous with- 
out a significant cholesterol component. 

Within an individual coronary artery there 
can be plaques ranging from those with a 
negligible lipid content to those with over 
50% of their volume occupied by lipid. It is 
not known whether these different forms of 
plaque evolve from each other or are initiated 
in different ways. Smooth muscle proliferation 
is driven by growth factors, one potential 
source of which is the macrophage activated 
by lipid ingestion. Other sources include 
platelets, endothelial cells, smooth muscle 
cells, and the degradation products of 
fibrinogen. 


Atherosclerosis: inhibition or regression as ads: possibilities 


The processes of smooth muscle prolifera- 
tion and lipid accumulation might be expected 
to be linear with time. But angiographic 


studies show that the progression of coronary. 


artery disease in humans is neither linear nor 
predictable.“ New high grade lesions often 
appear in segments of artery that were normal 
at previous angiographic examination”; and it 
is impossible to foresee the site of a sub- 
sequent occlusion causing infarction. This 
unpredictable and episodic progress can be 
explained by the occurrence of thrombosis, as 
a ‘complication of the basic atherosclerotic 


‘process, leading to intermittent plaque 


growth. 15 16 

It is important. to. appreciate that throm- 
bosis'occurring in an atheromatous plaque, 
often as a result of deep intimal tearing or 
fissuring, is very frequently clinically silent. 
Episodes of intraplaque thrombosis -are an 
important mechanism of plaque growth" and 
it is only when significant intraluminal throm- 
bosis occurs that there is a risk of acute 
myocardial ischaemia or infarction. 


Methods of quantifying atherosclerosis 

A major difficulty in any trial of antiatherogenic 
drugs in humans is quantification of the arterial 
lesions. The angiogram delineates the lumen 
which is at best an indirect guide to the state of 
the arterial wall. There are several reasons for 
this inexactitude. Plaques cause atrophy of the 
adjacent media, and when situated eccen- 
trically the plaque shifts outward rather than 
bulging inward." A consequence of this out- 
ward shift of the plaque, which comes to lie 


. outside the original line of the artery, is that 


large plaques may not be associated with any 
stenosis, and can go totally undetected by 
angiography.. In the early stages, diffuse 
atherosclerosis is also associated-with a com- 
pensatory dilatation of the artery to preserve 
lumen size. This capacity to preserve the lumen 


size is not overcome until the area of the plaque - 


exceeds 40% of the original cross Sectional area 


. of the artery.’® 


In the context of angiography * ‘new” is nota 
relevant term because the threshold for detec- 
tion of a plaque is high and not reached until it 
occupies 40% of the area of the cross section of 
the vessel. The appearance of a new lesion on 
angiography indicates a. rapid growth phase 
and not the actual initiation of the plaque. 


The conventional method of interpreting . 


angiograms in.clinical practice is to compare a 


test segment with an adjacent reference seg- 


ment that is judged to be normal. But the 
reference segment may itself be diffüsely nar- 
rowed (leading to an underestimate of the 
significance of the stenosis) or dilated (leading 
to an overestimate of the stenosis). 

Because the lumen is not necessarily circular 
different examinations can be compared only if 


the views of the arterial segment are in identical. 


planes.” The crescentic and slit shaped lumens 
that often appear, in pathology papers are 
artefacts of examining unperfused vessels, but 


‘even in vessels distended at high pressure D ` 


shaped nen with Hatteng overa plaque do 
occur.! 


ideal method in comparing angiograms. 
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Absolute lumen dimensions are less likely to 
be affected by these errors and are probably the 
4l 22 
lhis implies use of automated methods of 
quantification with an edge detection algorithm 
and computer assisted prediction of the outline 
of the normal vessel, exemplified by the 
Cardiovascular Angiographic Analysis System 
(CAAS) developed by Reiber et al.” The 
reproducibility of repeated measurements is 
better than that of visual assessments over a 
wide range of severity of stenosis.” The 
variability of absolute changes in vessel 
diameter is less than the calculated values of 
percentage diameter stenosis based on 
comparison with an adjacent reference segment 
of artery judged to be “‘normal’’.”® 

For all angiographic methods of measuring 
atherosclerosis it is essential that the vascular 
tone is identical during the two angiograms on 


. which comparisons are being made. This pro- 


viso applies to both diffuse and focal disease. 
Atherosclerotic vessels have an abnormality of 
endothelial mediated vasodilatation? and any 
treatment that improves endothelial function 
Or acts as a direct vasodilator can increase 
lumen size and give the spurious impression 
that this was caused by reduction in the mass of 
atherosclerotic tissue. Hyperlipidaemia can 
have a direct effect on endothelial function that 
is manifested far more widely than just within 
segments of coronary artery affected by athero- 
sclerosis and studies in rabbits showed that 
this was reversed by lowering plasma lipids.? 

Clinical.end points such as fatal and non- 
fatal myocardial infarction, unstable angina, or 
death from a cardiac cause are another way of 
assessing the response to treatment. They test 
the likelihood of episodes of major thrombosis, 
and thus the frequency of a plaque becoming 
unstable. As such they are measuring a different 
variable from the angiogram; it is to be hoped 
that antiatherogenic drugs will not only reduce 
inherent plaque growth but also reduce the risk 
of plaque instability—but this is not known for 
certain. Drugs with no action on the basic 
process of atherosclerosis itself but which 
reduce the thrombotic response to unstable 
plaques will also reduce fatal and non-fatal 
acute events in patients with coronary athero- 
sclerosis.? There is, however, some evidence 
that aspirin not only reduces acute events but 
also the number of new coronary lesions that 
appear," emphasising once again the important 
role of thrombosis in plaque growth. 

In animal models of atherosclerosis more 
exact and direct methods of quantifying the 
extent of arterial disease can be used. The 


‘standard method is to measure the percentage 


of the intimal surface of the aorta that is 


occupied by lipid containing lesions after stain- 


ing with lipid soluble dyes such as oil red O. 
The mean percentage intimal involvement can 
be compared in groups of animals that have 
been treated differently. Such models allow 
drugs to be evaluated either for inhibition of 
development or for the regression of athero- 
sclerosis; but they give no indication of the risk 
of thrombosis because most experiments are 
short term. 


Regression and inhibition in animal 
models of atherosclerosis 

Atherosclerosis in animals is induced by 
hyperlipidaemia, either produced by high fat 
diets or by metabolic defects in lipid metabol- 
ism. The Watanabe rabbit” is deficient in the 
LDL receptor, and thus is analogous to human 
familial hypercholesterolaemia. The models 
can be criticised? for testing cholesterol 
accumulation in the aorta rather than the 
development of atherosclerosis per se, with 
grossly unphysiological levels of consumption 
of dietary fat compared with human consump- 
tion, and for being very short term. The 
morphology of the lesions is often dominated 
by the presence of intracellular lipid rather 
than the extracellular lipid cores characteristic 
of human advanced plaques. Monkey’ and pig 
models which produce a disease in the long 
term more analogous to human atherosclerosis, 
‘particularly if associated with hypertension,” 
are prohibitively expensive. 

In animal models several drugs have been 
successful in retarding the development (drug 
given simultaneously with high lipid diet) or in 
causing regression (drug given after high lipid 
diet) of aortic lesions. They can be divided into 
those in which there is a significant lowering of 
plasma lipids and those which must have other 
mechanisms. 

The models in which there was plasma lipid 
lowering include rabbits, pigs, dogs, chickens, 
pigeons, and monkeys. Most of the studies 
compare the findings at necropsy in groups of 
animals treated differently, but in one the aorta 
was inspected at successive surgical explora- 
tions." All these models showed that it is 
possible to reduce cholesterol content, lesion 
size, and the total number of lesions. Choles- 
terol is removed from the plaques far faster 
than collagen. In some models the amount of 
collagen within plaques actually increases, and 
heavily cross-linked collagen resistant to 
collagenolysis is deposited in the regression 
phase.*” In many animal models, unlike in 
humans, a high proportion of the cholesterol is 
contained within foam cells and is thus easily 
mobilised; in rhesus monkeys intra-arterial 
lipid was reduced within 4 weeks of the plasma 
lipid concentration returning to normal.“ The 
mechanism by which lowering plasma lipids 
causes inhibition or regression of athero- 
sclerosis is by reducing the amount of LDL 
entering the intima, which allows the natural 
clearance pathway via HDL to predominate. 

With probucol inhibition of atherosclerosis 
was much greater than expected for the 
observed reduction in plasma lipid concentra- 
tion.* * Carew and his colleagues showed that 
when plasma cholesterol decreased from a 
mean (SEM) of 761 (29) mg/dl to 618 (21) mg/ 
dl with lovastatin the percentage area of the 
aorta occupied by plaques was reduced from 
40:6 (5:1)% to 27:5 (4:6)%."' Probucol lowered 

plasma cholesterol (to 671 (20-7) mg/dl) less 
than lovastatin. but reduced intimal 
involvement with atherosclerosis more (to 14-3 
(2:1)%). The current view is that probucol 
prevents oxidation of LDL and therefore lipid 
uptake by macrophages within the intima to 
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form foam cells.9 Prevention of lipid oxidation 
may also reduce monocyte recruitment into the 
intima. 

Calcium antagonists can also influence 
atherosclerosis. Most studies indicate inhi- 
bition of lesion development with a range of 
calcium antagonists including verapamil, dil- 
tiazem, amlodipine, and nifedipine.** A dose 
dependent inhibition occurs both in the 
amount of cholesterol deposited and in the 
number of plaques in nifedipine treated NZ 
rabbits on a high lipid diet.7** Results with 
nifedipine in the Watanabe rabbit, however, 
were more equivocal,” and at least in one high 
fat diet model showed no effect of nifedipine.* 
In another study calcium antagonists in general 
were shown to alter atherogenesis in the aorta 
but not in the coronary arteries.” 

The mechanism by which calcium antagon- 
ists might inhibit the atherosclerotic process is 
far from certain but there is an embarrassing 
choice of possibilities. The role of calcium in 
atherogenesis may have been underestimated; 
Fleckenstein et al pointed out that by weight 
caleium is a major constituent of many 
plaques.? But Fleckenstein's original demon- 
stration of the prophylactic value of calcium 
antagonists against toxic doses of vitamin D 
was in a model resembling Monckeberg's 
sclerosis rather than human coronary atheros- 
clerosis.” While this beneficial effect in the 
vessel wall may be related to calcium channel 
inhibition, there must be an alternative 
mechanism for the ability of verapamil to 
inhibit cataract formation in the eyes of 
alloxan-diabetic rats.’ This ability raises the 
possibility that some of the effects of calcium 
antagonists in inhibiting the formation of new 
atheromatous plaques could be the result of 
actions remote from an influence on the slow 
inward (calcium) channel of vascular smooth 
muscle cells. 

There is increasing recognition that athero- 
sclerotic plaques are the sites of intense inflam- 
matory activity involving an interplay between 
T lymphocytes, monocytes, and smooth 
muscle cells signalled by the expresson of a 
range of cytokines and growth factors.” * Cal- 
cium antagonists might influence the transmis- 
sion of these signals between cells. In vitro 
models of cell activation by platelet derived 
growth factor or interleukin 2 show that control 
of this step is mediated by synergistic inter- 
action between triggering of the protein kinase 
C pathway and an increase in cytoplasmic free 
calcium.” ” If the concentration of intrinsic 
intacellular calcium is low one arm of the 
activation process becomes dependent upon 
exogenous calcium, which will no longer be 
available in the presence of a calcium channel 
blocking agent. In these circumstances the 
calcium antagonist is an inhibitor of cell 
activation. 

Smooth muscle cells express voltage depen- 
dent (L type) calcium channels and in vivo 
experiments suggest that the calcium antagon- 
ists do inhibit smooth muscle proliferation and 
migration" * possibly through blocking the 
action of platelet derived growth factor.” In the 
Watanabe rabbit, drugs such as cortisone 
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reduce the rate of plaque formation. This 


: emphasises the “inflammatory” nature of the 


atherosclerotic process.° 

Accumulation of extracellular lipid derived 
from dying foam cells?" and necrosis, with the 
formation of an accellular lipid core within the 
plaque, is an integral part -of progression in 
human atherosclerosis. Various lipid soluble 
factors can selectively accumulate within foam 


cells; the best characterised example of such : 


a factor is 1,25-dihydroxycholecalciferol 
(vitamin D,) which has a considerable cal- 
ciotrophic effect leading to increased calcium 
mobilisation into the cell.” This increase may 
be toxic and lead to cell death that is manifest as 
plaque necrosis. Calcium antagonists might 
thus be potential vitamin D, antagonists capa- 
ble of breaking a ‘self perpetuating cytoxic 
cycle, and indeed they are known to block the 
arterial damage after external administration of 
the vitamin. Vitamin D, is, however, also 


produced within the macrophage? and this in. 


situ production might continue at a lower level 
in the face ofa calcium antagonist shifting what 
was a plaque with predominant necrosis to one 
which calcifies and becomes more stable. 

Yet another possible cellular effect of calcium 
antagonists is that the intracellular enzymatic 
metabolic pathways may be sensitive to a 
calcium deficit and hence to a blocking agent. 
Such enzymes may be responsible for degrada- 
tion of endogenous and exogenous protein and 
for intercellular lipid handling.“ Hydrolysis of 
cholesterol ester within cultured smooth 
muscle cells is increased by calcium antagon- 
ists.^*6 Tt is possible that if an atherogenic 
process continues in the presence of calcium 
antagonists there may be intrinsic changes in 
the nature ofthe intercellular lipids and hence 
in the behaviour of the foam cell. So far the 
effect has been studied in the smooth muscle cell 
whereas most foam cells are macrophages. The 
net uptake of lipid in vivo by macrophages has 
also been shown to be inhibited by calcium 
antagonists.” ® 

Calcium antagonists may affect lipids within 
the intima at a simpler level than. that of 
intracellular metabolism. T'wo dissimilar cal- 
cium antagonists, flunarizine and nimodipine, 
both reduced the permeability of the endo- 
thelium to LDL and thus would reduce lipid 
accumulation.” In a different context an article 
in this issue of the British Heart Journal reports 
that verapamil and nifedipine have antioxidant 
properties, which means that they may have an 
effectanalagous to probucol in atherosclerosis.” 

At present the mechanisms by which calcium 
antagonists influence atherogenesis are un- 
known. There is fragmentary evidence for an 
effect on cell interaction, on smooth muscle cell 
proliferation, on prevention of plaque necrosis, 
on modifying intracellular lipid metabolism, on 
reducing lipid influx, and that they prevent 
lipid oxidation. — 

It seems likely there will be further demon 
strations that drugs including antioxidants and 
anti-inflammatory agents have local effects on 
cells in the microenvironment of the plaque and 


. these will be shown to be effective in modifying 


atherosclerosis in simple animal models. 


- 
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Should this be so, they will be worthy of human 
studies. 


Human studies of inhibition and regres- 
sion of atherosclerosis 

In human coronary arteries high grade stenotic 
lesions contain large amounts of both collagen 
and calcium in addition to lipid; the relative 
proportion of lipid varies considerably from 
plaque to plaque, and is often very low. If the 
lessons of the animal models are correct, and 
lipid is removed rapidly but collagen is 
removed very slowly, significant regression of 
lesions causing high grade obstruction in man 


 isunlikely other than over a long time."! But the 


appearance of new lesions might be prevented, 
and lipid rich lesions might regress. 

The propensity of plaques to become un- 
stable and undergo fissuring and thrombosis is, 
however, related directly to the amount of 
extracellular lipid contained within the central 
core.P 7? A reduction in the amount of lipid 
with only a modest reduction in overall plaque 
volume might be accompanied by an increase in 
plaque stability with a decrease both in episodic 
plaque growth and a reduction in the risk of 
acute ischaemic events. For this reason, data 
both on the angiographic severity and on the 
clinical event rate are needed to assess any 
intervention in atherosclerosis. 

Despite all the reservations concerning the 
ability of the angiogram to measure wall disease 
it remains the only technique available. Com- 


'puterised image analysis has improved the 


subjective bias inherent in any visual inter- 
pretation of angiograms and must be con- 
sidered the optimum method. Subset analysis 
can be made of the progression of lesions of 
different severity in the initial angiogram. 
Given the interplaque variation in the 
proportions of the volume of tissue made up of 
collagen, lipid, and calcium it is unlikely that all 
lesions in any patient could regress at the same 
rate. The usual method of interpreting quan- 
titative angiograpic data 1s to take the mean 
change for<all the angiographically detected 
lesions. This has statistical convenience for 


‘comparing study groups but the mean changes 


are often very small in haemodynamic terms 
and may be biased by a large change in a single 
lesion. An alternative method is to give a visual 
score for progression or regression to each 
patient based on the number of lesions in that 
individual showing a recognisable change in 
lumen size and ranging from +3 (change for 
better) through 0 (no change) to — 3 (change for 
worse). 

Since 1969 both angiography and the 
frequency of acute ischaemic events have been 
used as end points in trials of various methods 
to lower plasma lipids. 

In 1976 a small study of 42 patients with 
femoral atherosclerosis showed that reduction 
in plasma lipids for one year was followed by 
angiographic improvement in six patients: on 
the other hand there was further luminal nar- 
rowing in 16 patients. A randomised con- 
trolled trial of 24 subjects with hyperlipidaemia 
and intermittent claudication showed that after 
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treatment with cholestyramine, nicotinic acid, 
and clofibrate the number of femoral arterial 
segments that showed progression of athero- 
sclerosis was reduced from 17-3% in the con- 
trol group to 6-9% in the treated group.” 

Similar encouraging, though not startling, 
results were obtained by lowering plasma lipid 
concentrations in patients with coronary 
atherosclerosis. The National Heart Lung and 
Blood Institute study tested the effect of choles- 
tyramine on coronary atherosclerosis in 
hyperlipidaemic individuals and reported 
cholesterol concentrations reduced by 26%.” 
Repeat angiography at five years in 59 treated 
patients and in 57 patients in a placebo group 
showed progression in 35% of those in the 
placebo group and in 25% in the test group; 
subclass analysis based on a range of angiogra- 
phic variables suggested a favourable influence 
of treatment but clear statistical significance in 
the primary analysis was not achieved. A major 
difficulty in the study was that many individual 
patients showed both progression and regres- 
sion at different sites within their coronary 
arteries. 

Since these pioneer angiographic studies of 
regression other studies have been published. 
But there is no consensus on how to assess 
angiographic progression or regression in 
humans and trials of different methods both of 
deriving and analysing the measurements of 
stenoses are being reported. Direct comparison 
of these trials is therefore not easy. 

In the Leiden Intervention Trial the plasma 
lipids were modified by diet alone; there was a 
modest reduction (mean (SD)) in total choles- 
terol (16-9 (1-4) mmol/l to 6-2 (1:3)) in 39 
patients over two years without a control 
group." In 307 lesions found on initial 
angiography, ranging from minor to high 


grade, quantification was by a computer. 


assisted analysis using the CAAS system. The 
mean (SD) percentage stenosis of all 307 
lesions increased from 44-1 (31:6)9$ to 48:6 
(30 9)% over the two year period. Thus overall 
there wasa significant progression of disease. Of 
the 39 patients, 21 showed an increase in the 
mean percentage stenosis and 18 showed no 
increase. Comparison of the total cholesterol 
and total/HDL cholesterol ratio in the two 
groups showed significant differences. In those 
with lesions that progressed total cholesterol 
was 6:5 (1:5) and total cholesterol/HDL ratio 
71 (1-7) as against 5-8 (0-9) and 5-7 (1:2) 
respectively in those whose lesions did not 
progress. The results, while not showing 
regression, emphasised the role of raised total 
and LDL cholesterol and diminished HDL in 
influencing the progression of atherosclerosis. 
In another study involving both a change in 
diet and lifestyle over a year LDL cholesterol 
was reduced by a mean of 37-494.5 One 
hundred and five lesions were detected by 
angiography in the 22 patients in the test group 
and 95 in the 19 patients of the control group. 
Quantification of the angiograms showed that 
there was an overall decrease (40:4 to 37:894) in 
the mean degree of stenosis in the test group 
and an increase (42-7 to 46 194) in the control 
group. The changes were similar for lesions 
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causing more than and less than 50% stenosis. 
Four of the patients in the test group showed 
progression and 18 showed regression while in 
the control group 11 either showed no change 
or progression and eight showed regression. 

In the Cholesterol Lowering Atherosclerosis 
Study (CLAS) 162 men undergoing coronary 
artery bypass grafting were randomised to 
treatment with colestipol and nicotinic acid or 
to placebo." ? Angiographic assessment was 
visual and used both grades of progression and 
regression (+3 to — 3) for lesions present at the 
initial angiogram and the appearances of new 
lesions. Repeat angiography at two years 
showed a reduction in the number of new 
lesions that appeared in both the native vessels 
and the grafts. In 80 treated patients 8 (10%) 
developed new lesions in the native coronary 
arteries compared with 18 (22%) of the 82 
patients in the placebo group. The figures at 
four years continued the same trend with the 
difference in the frequency of new lesions being 
14-3% v 10-496. According to the overall 
scoring system, at two years 45% of the drug 
treated group were static compared with 36-6% 
of the placebo group; progression had occurred 
in 38-8% of the treated group and 59-895 of the 


` placebo group. Regression at two years was 


noted in 16-2% of the treated group compared 
with 3-6% of the placebo group; by four years 
the figures were 179 and 6:4% respectively. 
Despite all of the difficulties inherent in an 
overall scoring system of the state of the 
coronary artery tree the different patterns of 
progression in the drug and placebo group 
seemed well established. 

The Programme on the Surgical Control of 
Hyperlipidaemias (POSCH) study compared 
421 patients treated by partial ileal bypass with 
417 patients in a randomly allocated control 
group.? 'The entry criteria were survival after 
one infarct and a plasma cholesterol concentra- 
tion of at least 5-69 mmol/l. A mean reduction 
in total cholesterol of 23-295, a reduction of 
LDL cholesterol of 37 794, and an increase of 
4-3% in HDL were achieved. Mean follow up 
was 9-7 years with the angiograms being graded 
visually by two observers according to an eight 
point scale ranging from +3 to —3 from the 
CLAS study. Comparison of the angiograpic 
scores showed that 38-9% of patients in the 
treated group and 11 3% in the placebo group 
had remained static. In the treated group 
54-8% showed progression but only 42% of 
these were graded as —3; in the placebo group 
85% showed progression with 26-2% of them 
graded as —3. Regression was seen in 6:4% of 
the test and in 3:89» of the placebo group. The 
five patients with the best regression score (+3) 
all belonged to the placebo group—this result 
shows the unpredictability of atherosclerosis. 
The conclusion overall was that though there 
had been no regression, the rate of progression 
of atherosclerosis had been significantly slowed. 

In the Familial Atherosclerosis Treatment 
Study (FATS) 146 individuals with angio- 
graphic evidence of coronary atherosclerosis 
and atleast one segment of significant stenosis, a 
family history of coronary artery disease, and 
raised lipid concentrations were randomised to 
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a control group, to lovastatin/colestipol, or to 
niacin/colestipol treatment." In the two treat- 
ment groups LDL concentrations fell sig- 
nificantly and plasma HLD concentrations 
rose. Angiography was repeated 30 months 
later. Angiograms were visually assessed and 
selected lesions manually traced to allow 
accurate measurement of the stenosis and 
lumen diameter. Nine standard proximal seg- 
ments of the three main coronary branches 
were identified and the worst stenosis in each 
segment was, measured. The average percen- 
tage stenosis of the worst lesion in all segments 
was calculated and regression or progression 
was expressed as the change in this value 
between the two sets of angiograms. In a 
second end point, regression and progression 
were defined for each patient individually by a 
change of at least 10% stenosis in at least one of 
the lesions. In this particular study only five of 
the 120 patients who completed the study had a 
mixture of progressing and regressing lesions; 
the rest could all be clearly classified as no 
change, regression, or progression. The 52 
patients in the placebo group showed a mean 
increase of stenosis of 2.1% (SD 3-994) while 
the niacin/colestipol group (n = 48) showed a 
decrease of —9% (3:076) and the lovastatin/ 
colestipol group (n = 46) a decrease of —7% 
(5-395). Forty six per cent of the placebo group 
progressed, 11% regressed, and 43% showed 
no change. The corresponding figures for the 
niacin/colestipol group were 25%, 39%, and 
36% ‘and for the lovastatin/colestipol group 
21%, 32%, and 47%. One possible drawback 


. inthestudy is that three of the four examples of 


striking angiographic regression illustrated 
could be regarded as acute unstable plaques in 
the initial study and the "regression" is caused 


. by remodelling after organisation and lysis of 


thrombus. 
Though these four recent AE EER 
studies of the effect of lipid lowering on the 


-progression of coronary atherosclerosis used 


different selection criteria and methods to quan- 
tify regression and progression, some broad 
conclusions can be drawn. The studies that 
used some form of objective quantification of 


_the stenosis and lumen diameter did show some 


evidence of regression overall but the changes 
were small in functional terms and achieved 
statistical significance by virtue of the power 
and precision of the studies. What is clear is 
that all the studies whether they use automated 
quantification or semi-quantified visual grading 
show evidence for a slowing in progression of 
the disease. It may be that more aggressive lipid 


lowering over longer periods will increase ; 


angiographic change but the evidence so far 
does not suggest that diseased vessels will 
miraculously return to normal or high grade 
lesions resolve and so avoid the’ need for 
angioplasty. 

The FATS and POSCH : studies were 


- primarily concerned with the angiographic : 


development of. the coronary artery. disease 
after lipid lowering but they also examined 
Clinical events. In the large POSCH trial 
overall mortality caused by coronary heart 
disease was reduced (deaths overall 62 v 49, 
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P = 0:16; coronary deaths 44 v 32, p = 0-11) 
but significance was achieved only if death due 
to coronary disease and non-fatal infarction 
were combined (125 v 82, p = 0-001).™ In the 
far smaller FATS trial death caused by coron- 
ary disease and acute events such as unstable 
angina were considered together and were 
more common in the placebo group (10/52) 
than in the combined treatment groups (6/94, 
p = 0-01) representing a reduction in the 
incidence of clinical events of 73% but with 
wide confidence limits (23-90%).®! 

Evidence that calcium antagonists inhibited 
the development of atherosclerosis in animals 
prompted studies of their effect in humans in 
the International Nifedipine Trial on Anti- 
atherosclerotic Therapy (INTACT).™ The 
aim was to see whether nifedipine could inhibit 
the progression of angiographically demon- 
strated disease. The trial was a double blind 
randomised study of 425 patients, all aged less 
than 65 with mild disease and an ejection 
fraction of >0-40. Three hundred and forty 
eight patients were restudied at three years; 175 
were in the placebo group and 173 had been 


treated with 80 mg of nifedipine daily. The 


angiograms were quantified by a computer 
analysis system (CAAS). 

An increase in the degree of stenosis by more 
than 20% in established lesions was equally 
common in the two groups (9-4% of lesions on 
placebo, 11-7% on nifedipine). In the controls 
4-1% of lesions regressed compared with 3:094 
in the nifedipine group. Thus progression or 
regression of established lesions was not dif- 
ferent. Two hundred and forty seven new 
lesions (including 19 new occlusions) appeared 
at sites where the angiogram had previously 
shown an apparently normal vessel. Of these 
new lesions, 103 occurred in treated patients 
and 144 in patients in the control group 
(p < 0-034). In terms of new lesions per 
patient the average was 0:59 v 0-82—a 
difference of 28%. These results thus suggested 
that nifedipine can slow the rate at which new 
atherosclerotic lesions appear on angiography. 
The study cannot, and never set out to, deter- 
mine whether this modest reduction in the rate 
at which new lesions appeared was of any long 
term benefit to the individual patient. In the 
study cardiac events and mortality were, 
however, recorded, and correctly have been 
reported by the authors. There were eight 
deaths (three acute myocardial infarction, five 
sudden cardiac death) in the treated group and 
two sudden deaths in the controls. 

The data from the INTACT study are 
supported by some other studies. In high risk 
patients nifidepine reduced the frequency of 
coronary vein bypass graft atheroma. In one 
study, one year after surgery 62 of 93 grafts in 
patients on nidefipine were disease free com- 
pared with 71 of 136 in the placebo group (67% 
v 52%, p < 0:04).9 In a small study to com- 
pare angiographic progression over two years 
new lesions appeared in 10% of 39 patients on 
nifedipine, 34% of 36 patients on propranolol, 
and 29% of 38 patients on isosorbide di- 
nitrate. In a larger study of nicardipine 383 
patients with coronary atherosclerosis that was 
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demonstrable on angiography were ran- 
domised to treatment or placebo.” Quantifi- 
cation used the CAAS system. When all lesions 
were analysed irrespective of their initial 
severity an increase of 10% in diameter stenosis 
was found in 147 (12:7%) of 1153 lesions in the 
treated and 170 (14-596) of 1170 lesions in the 
control group (INS). In 178 lesions of initially 
less than 20% of the diameter in the treated 
group 9-0% progressed compared with 16:394 
of the 233 lesions in the control group 
(p = 0-038). The results based on absolute 
changes in vessel diameter were similar. The 
result thus resembled that found in the 
INTACT trial. There was a positive relation 
between the inhibition of progression of mild 
lesions and the lowering of blood pressure. 
This suggests that control of hypertension 
might be the simplest explanation for the 
beneficial effect on lesion progression. In animal 
models, however, calcium antagonists do not 
lower blood pressure. So this simple explana- 
tion of the beneficial effect is unlikely to be the 
only one. The clinical event rate was similar in 
the two groups. 

Larger, more complex, and expensive trials 
are needed to ascertain the influence of calcium 
antagonists and lipid lowering drugs on the 
subsequent risk of cardiac events. Reducing the 
number of new plaques that appear and 
preventing further progression should reduce 
the risk; geographic surveys of atherosclerosis 
in the human aorta and coronary arteries show 
that on a population basis the number of 
plaques, measured as a percentage involvement 
of the intima, predicts the frequency of acute 
myocardial infarction and deaths related to 
atherosclerosis.* 

For all their technical complexity thera- 
peutic trials using angiographic measurement 
of the development and progression of atheros- 
clerotic lesions have considerable attraction. 
Because all the subjects in the trial have a 
measurable variable, differences between two 
treatment groups can be identified with 
relatively small numbers. Any result to which 
the word regression can be applied, albeit to a 
minor degree, has considerable emotive appeal. 
In contrast, trials using clinical events and 
mortality as end points need to be far larger and 
to last longer for sufficient adverse events to 
accumulate for comparison. The effects on 
events and mortality are, however, what we 
really need to know. However interesting they 
are in scientific terms, the angiographic studies 
are not yet a definite surrogate. 

A review of all the randomised trials that 
have so far considered the effect of cholesterol 
reduction on total mortality" and coronary 
heart disease events confirms the original view? 
that if there is a significant increase in total 
cholesterol a 1% reduction produces a 2:59 
reduction in event rate but a lesser effect on total 
mortality. There is no difference between 
primary and secondary trials in this regard and 
the basic pathology of the disease would not 
suggest there could be. The trials so far have 
been concerned with at best modest reductions 
in plasma lipids: the best recorded in the 19 
trials analysed" is a mean of 17%. These 
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statements are bedevilled by the confusion 
caused by talking of relative risk reduction 
when a clearer idea of the magnitude would be 
given by absolute values. Definitive recommen- 
dations for the control of plasma lipid concen- 
trations must await the results of drug trials 
which produce a more considerable lowering of 
plasma lipids. 

The angiographic studies published do not 
so far contain any information that should alter, 
one way or the other, the current therapeutic 
indications for calcium antagonists, but they 
are encouraging because they show that the 
early progresson of atherosclerotic plaques can 
be modified. Where they are likely to have 
symptomatic benefit by controlling angina or 
lowering blood pressure they may also have an 
additional antiatherogenic effect. The current 
evidence is an inadequate basis for recom- 
mending calcium antagonists outside the 
previously established indications, though they 
may ultimately turn out to have other proper- 
ties as a useful by-product. Definitive recom- 
mendations on the role of calcium antagonists 
as antiatherogenic drugs must be based on the 
results of further trials designed to evaluate 
their effect on clinical events. 
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Coffea arabica L. From Bentley R, 


Trimen H. Medicinal plants. 
T and A Churchill, 1880:144. 





London: 


Methyl xanthine diuretics 


Caffeine, theobromine, and theophylline were 
first studied in 1886 and although they are now 
obsolete they were important before the 
discovery of the synthetic diuretics in 1951 and 
especially before organic mercurials were 
introduced in 1920. They act by depression of 
renal tubular reabsorption. Caffeine is only a 
weak diuretic. Theophylline was shown to be 
better than theobromine by H M Marvin in an 
excellent early clinical trial (Journal of the 
American Medical Association 1926;87: 
2043-6). It was effective in two thirds of 
patients who were still oedematous after 
treatment with digitalis. ‘Theophylline also has 
a direct stimulant effect on the myocardium 
which was demonstrated at cardiac catheteri- 
sation by McMichael and colleagues at 
Hammersmith Hospital (Clinical Science 1946- 
48;6:125-—35) and shown by them to be greater 
than that of digoxin in hypertensive right heart 
failure. 

Theophylline is found in the tea plant 
Camellia sinensis (Theaceae) a native of China 
and India but the amount, 0-1, is small for 
clinical use so it has to be synthesised. 
Theobromine is present in the cocoa tree 
Theobroma cacao (Sterculiaceae) which comes 





Theobroma cacao L. From Kohler FE. 
Medizinal-Pflanzen, Atlas 1887; Band II: plate 
183. 





Camellia sinensis (L..) Kuntze. 
From Curtis W. Boranical 
magazine 1807;25 and 26: Tab 
QOR. 


from the tropical forests of South America. 
Caffeine is present in both tea and cocoa and in 
other traditional beverages. In Africa these are 
coffee Coffea arabica (Rubiaceae) and the cola 
nut Sterculia acuminata (Sterculiaceae). In 
South America the ancient drink mate is made 
from a species of holly Jlex paraguariensis 
(Aquifoliaceae) while voco comes from a 
species of Paullinia (Sapindaceae). Thus the 
methyl xanthines come from six plant families 
in the Old and New World that have no obvious 
botanical similarities. As has so often happened 
with medicinal plants, their therapeutic value 
was discovered by chance. 

Purgatives were often used to treat heart 
falure before the xanthine diuretics were 
introduced and several of them were plants— 
elaterium, senna, aloes, cascara, croton, 
rhubarb, and podophyllum. Presumably they 
produced their effect because of the coincidental 
sodium loss that accompanied diarrhoea. 

Theophylline seems to be making an exciting 
therapeutic comeback. It is now used to control 
erythrocytosis in patients with renal trans- 
plants. It reduces erythropoietin production by 
adenosine antagonism (New England Journal of 
Medicine 1990;323:86—-90. A HOLLMAN 
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Determinants of successful transthoracic 
defibrillation and outcome in ventricular fibrillation 


G W N Dalzell, A A J Adgey 


Abstract 

Objective—To examine factors deter- 
mining defibrillation success and out- 
come in patients with ventricular fibrilla- 
tion. 

Design- Observational _ prospective 
study of age, sex, ‘transthoracic 
impedance, site of cardiac arrest, ven- 
tricular fibrillation duration and 
amplitude, primary or secondary ven- 
tricular fibrillation, aetiology, number of 
shocks to correct ventricular fibrillation, 
and drug treatment. 

- Setting—A teaching hospital and a 
mobile coronary care unit with a 
physician. 

Patients—70 consecutive patients (50 
male, 20 female) mean age 66:5 years. 

Interventions—Before the first 
countershock was administered trans- 
thoracic impedance using a 30 kHz low 


-amplitude AC current passed through 8 


cm/12 cm self-adhesive defibrillator elec- 
trode pads applied in the anteroapical 
position was measured. The first two 


shocks were 200 J delivered energy (low 


energy) and further shocks of 360 J (high 
energy) were given if required. . 

Main outcome measures—Counter- 
shock. success and outcome from 
ventricular fibrillation. 

Results and conclusions—-First ied 
success was significantly greater in in- 
hospital arrests (37/53) than in out-of- 
hospital arrests (5/17) and in those 
receiving antiarrhythmic treatment 
(13/15, 86°7%) v (27/51, 52-995). Trans- 
thoracic impedance was similar in those 
who were successfully defibrillated with 
one or two 200 J shocks (98:7 (26) Q) and 
those who required one or more 360 J 
shocks (91:4 (23) Q). Success. rates with 
two 200 J shocks were similar in those 
patients with “high” transthoracic 
impedance (that is, >115 Q) and those 
with transthoracic impedance (x115 Q) 
(8/12 (67%) v 44/58 (7699). Fine 
ventricular fibrillation was significantly 
more common in the patients with a 
transthoracic impedance of >95 Q (41% 
(13/32)) than in those with. a trans- 
thoracic impedance x95 Q (13% (5/38)). 
Death during arrest .was significantly 
more common in patients who needed 
high energy shocks (14/18 (78%)) than in 
those who needed low energy shocks (16/ 


52 (31%)). Multiple regression analysis 


identified ventricular fibrillation with an 


` 


amplitude of >05 mV, age <70 years, 
and arrests that needed < two shocks for 
defibrillation, in rank oder as indepen- 
dent predictors of survival to discharge. 


Transthoracic defibrillation remains a corner- 
stone of modern cardiological practice. Its 
more widespread application should improve 
the mortality from ischaemic heart disease, 
but further research into defibrillation tech- 


. niques is essential to improve its efficacy. 


Many factors are thought to influence the 
success of ventricular defibrillation, but their 
relative importance is uncertain.! 

Defibrillation occurs when an adequate 
intracardiac current depolarises a critical mass 
of myocardium.” The electrical circuit formed 
during defibrillation includes the impedance of 
the two electrode/electrolyte/tissue interfaces 
and that of the intervening tissues. The most 
variable component of the electrode-subject 
circuit is the impedance of the tissues of 
the thorax, which to a large extent influences 
the current that will flow through the myo- 
cardium. 

The importance of transthoracic impedance 
as a determinant of intracardiac current flow? 
and the development of methods to predict 
the transthoracic impedance in advance of the 
shock* suggested that the assessment of its 
clinical role was relevant to present cardio- 
logical practice. Some previous studies of 
transthoracic impedance, however, have not 
assessed other factors that may influence 
defibrillation success and some combined 
results for different arrhythmias.?° We have 
previously reported the influence of trans- 
thoracic impedance on the energy required for 
cardioversion of atrial fibrillation.’ In the 
present prospective study we assessed the 
relative importance of all factors including 
transthoracic impedance in the determination 
of defibrillation and survival in patients with 
ventricular fibrillation. 


Patients and methods 

Data were collected on consecutive patients in 
whom cardiac arrest due to ventricular fibril- 
lation occurred within or outside hospital. 
There were 70 consecutive cardiac arrests in 
which the initial rhythm was ventricular 
fibrillation in 50 male and 20 female patients 
(mean age 66:5 years (range 45—86)). In 52 
acute myocardial infarction (a typical history of 
chest pain with an increase 1n cardiac enzymes 
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to twice the normal concentration and serial 
electrocardiographic changes) was diagnosed. 
The site of infarction was anterior in 26, 
inferior in 16, other or undetermined in seven, 
and left bundle branch block in three. Four 
patients with documented ischaemic heart dis- 
ease and no recent infarction developed ven- 
tricular fibrillation during the course of another 
illness: hypokalaemia, severe burns, pulmon- 
ary oedema, and after anaesthesia. Four 
patients had a history of proven ischaemic heart 
disease or suggestive chest pain before collapse 
and had sustained an out-of-hospital arrest and 
died before a definite diagnosis could be made. 
Of these 60 patients, 24 had had a previous 
myocardial infarction. Of the remaining 10, all 
of whom died during the initial arrest, the 
aetiology of the arrest was chronic airflow 
obstruction in one, pulmonary embolism in 
one, and no information was available in the 
other eight because they had no prior history of 
ischaemic heart disease and no necropsies were 
performed. 

Thirty four patients sustained ventricular 
fibrillation in the hospital coronary care unit, 19 
patients had ventricular fibrillation in another 


part of the hospital, and 17 had ventricular 


fibrillation out of hospital. Three of those who 
had ventricular fibrillation out of hospital 
developed ventricular fibrillation after the 
arrival of the mobile coronary care unit which 
was summoned because of chest pain. 

Primary ventricular fibrillation was defined as 
ventricular fibrillation occurring in the absence 
of cardiac failure or hypotension, while secon- 
dary ventricular fibrillation occurred in the 
presence of one or both of these complications. 
Patients who collapsed with ventricular fibrilla- 
tion outside hospital with “instantaneous” 
death who were previously well and who had no 
previous history of cardiac disease were classed 
as primary ventricular fibrillation. 

The duration of arrhythmia before counter- 
shock was estimated by the physician managing 
the arrest. Coarse ventricular fibrillation was 
defined as having an amplitude 20:5 mV and 
fine ventricular fibrillation had an amplitude 
«0:5 mV. Previous treatment with anti- 
arrhythmic drugs, digoxin, or f# adrenergic 
blockers was recorded. 

Self-adhesive electrocardiogram defibrillator 
pads (R2 Corporation) were used with a 12 cm 
diameter pad placed under the right clavicle 
adjacent to the right upper sternum and an 8 cm 
pad covering the cardiac apex. This 
anteroapical position was used for all patients 
with cardiac arrest. Standard defibrillators were 
modified to measure transthoracic impedance 
before delivery of the countershock while the 
defibrillator was being charged. A 30 kHz low 
amplitude (100 4A) current was passed through 
the chest via the electrode pads and the 
resultant voltage developed was proportional to 
the impedance. We have previously shown that 
this technique accurately predicts the actual 
transthoracic impedance for a defibrillatory 
countershock.* Three defibrillators were thus 
modified and their accuracy was checked daily 
against test resistances. One defibrillator was 
placed in the coronary care unit, and another on 
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the cardiac arrest trolley, which was used 
throughout the hospital complex, and the third 
was used for the management of cardiac arrests 
out of hospital by a physician manned mobile 
coronary care ambulance. Transthoracic im- 
pedance results obtained before the first 
countershock were recorded for each cardiac 
arrest. Only the first episode of ventricular 
fibrillation during each cardiac arrest was 
included in the analysis of transthoracic 
impedance because transthoracic impedance is 
known to decrease with successive shocks." "° 

The effect of pad pressure on transthoracic 
impedance" was eliminated by pressing the 
adhesive pads firmly in position and not touch- 
ing them during the delivery of countershock. 
It was possible to check the accuracy of pad 
position after cardiac arrest in the survivors 
because the edge of the electrode invariably left 
an erythematous ring on the patient's skin. One 
patient in whom the placement of electrode 
pads was deemed to have been suboptimal was 
excluded from the analysis. 

Patients whose condition was initially stable 
when they were first seen by the mobile 
coronary care unit, but in whom ventricular 
fibrillation subsequently developed before 
arrival at the hospital, were included in the out- 
of-hospital group for analysis of data on site of 
arrest. 

For attempted defibrillation the first shock 
was 200 J (delivered) followed by a second 
shock of 200 J if the first was unsuccessful. If 
two low energy shocks were unsuccessful we 
used shocks of 360 J. Defibrillation was defined 
as the electrical conversion of ventricular 
fibrillation to any other rhythm or to asystole. 
The success or failure of the first 200 J shock 
was noted as was the total number of shocks 
required to correct the first episode of ven- 
tricular fibrillation. The outcome was also 
noted: died during the arrest, survived the 
arrest but died later during the same hospital 
admission, or survived to be discharged. 


Results 

A single shock of 200 J was successful in 60% 
(42/70), and two 200 J shocks had a cumulative 
success rate of 74-3% (52/70). All patients were 
defibrillated at least once. Of the 70 patients, 30 
(43%) died during the arrest, 13 (18:695) 
survived but died later during their hospital 
admission, and 27 (38.69$) survived to be 
discharged from hospital. 


AGE AND SEX 

There was no difference in success of two 200 T 
shocks in patients aged 70 years or less (32/47, 
68:194) and those who were older than 70 (20/ 
23 87-20%), p > 0-05. Older patients, however, 
were less likely to survive the arrest itself and to 
reach discharge from hospital. A larger propor- 
tion of the younger patients (447% (21/47)) 
survived to discharge than of those over 70 
years (26% (6/23) (p = 0-04). First shocks 
were equally successful in men and women 
(men 30/50, 60% v women 12/20, 60%). There 
was no significant difference in transthoracic 
impedance between men (mean (SD) 91.8 
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Figure 1 Success of first 
200 J shock and two 200 J 
shocks in patients with 
transthoracic impedance 
>95 Q and <95 Q, and 
>115 Qand «115 Q. 
There was no significant 
difference in shock success 
at any of the transthoracic 
impedance levels. 


(21) Q) and women (967 (SD) 29 Q) 
(p > 0-05). 


TRANSTHORACIC IMPEDANCE 

The mean (SD) transthoracic impedance of 
this group was 93-3 (22) Q (range 38-137). 
Univariate analysis showed that the first shock 
or two low energy shocks were as successful in 
those with an initial transthoracic impedance of 
>95 Q as in those with transthoracic 
impedance of <95 Q (fig 1). Nor was there any 
difference between those with a transthoracic 
impedance > 115 O (mean (1SD)) and <115Q 
(fig 1). The mean transthoracic impedance for 
those who were successfully defibrillated with 
one or two 200 J shocks was 98-7 (26) Q, 
compared with 91:4 (23) for those who required 
one or more shocks of 360 J for defibrillation 
(p > 0-05). But outcome was not as good in 
patients with a transthoracic impedance of 
> 115 Q. Only 8:3% (1/12) of them survived to 
leave hospital, compared with 44-8% (26/58) in 
the group with a transthoracic impedance 
X115 Q (p < 0-05). There was a significant 
relation between transthoracic impedance and 
ventricular fibrillation amplitude. Of the 
patients with a transthoracic impedance >95 
Q, 41% (13/32) had fine ventricular fibrillation 
compared with only 13% (5/38) of those with a 
transthoracic impedance «95 Q (p = 0-02). 
There was no significant difference in trans- 
thoracic impedance between those with out-of- 
hospital ventricular fibrillation and those with 
ventricular fibrillation occurring within hos- 
pital. 


SITE OF CARDIAC ARREST, DURATION OF 
VENTRICULAR FIBRILLATION, AND AMPLITUDE 
OF VENTRICULAR FIBRILLATION 
Ventricular fibrillation occurring in hospital 
was associated with a significantly higher first 
shock success rate than ventricular fibrillation 
occurring outside hospital (37/53 (69-895) v 
5/17 (29-499) p = 0:007). The location at 
which the arrest occurred also determined 
survival. The death rate was lower and the 
discharge rate higher for arrests that occurred 
in the coronary care unit group than for arrests 
that happened elsewhere in the hospital, and 
survival was poorest for arrests out of hospital 
(fig 2). 

Ventricular fibrillation lasted > 3 minutes in 
19/70 patients and <3 minutes in the remain- 
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Figure 2. Arrest site and outcome of ventricular 
fibrillation. Outcome for patients with ventricular 
fibrillation out of hospital was significantly worse than for 
those who developed ventricular fibrillation within the 
coronary care unit (CCU) or another ward within the 
hospital. 


ing 51. The duration of ventricular fibrillation 
was not significantly associated with successofa 
200 J shock, but was significantly associated 
with outcome. Only 2/19 (10-595) patients in 
whom ventricular fibrillation lasted » 3 min- 
utes survived to discharge, compared with 
25/51 (4994) in whom it lasted <3 minutes 
(p < 0-001). Ventricular fibrillanon lasting 
more than three minutes was more likely to be 
fine amplitude (11/19, 57-90%) than ventricular 
fibrillation lasting < three minutes (7/51, 
13-7%) (p < 0-001). 

A single shock was successful in 61:594 
(32/52) of patients with coarse ventricular 
fibrillation and 55-6% (10/18) in those with fine 
ventricular fibrillation (p > 0-05). Similarly, 
two 200 T shocks had a cumulative success rate 
of 76:9% (40/52) in patients with coarse vern- 
tricular fibrillation compared with 66 794 
(12/18) in those with fine ventricular fibrillation 
(p > 0-05). Only two patients with fine 
ventricular fibrillation survived the arrest, and 
none survived to be discharged from hospital. 


PRIMARY AND SECONDARY VENTRICULAR 
FIBRILLATION 

Secondary ventricular fibrillation occurred m 
18 patients; it was not more difficult to 
defibrillate than primary ventricular fibrillation. 
The first shock success rates (13/18 (72:295) wv 
29/52 (55-8%) and cumulative success of two 
200 J shocks (14/18 (77-894) v 38/52 (73-194) ) 
were similar in secondary and primary ven- 
tricular fibrillation (p > 0-05). 


AETIOLOGY OF VENTRICULAR FIBRILLATION 

Ventricular fibrillation was caused by acute 
myocardial infarction in 743% of patients 
(52/70). This group had a cumulative defibrilla- 
tion success rate with two 200 ] shocks of 
75-0% (39/52) that was similar (72-2% (13/18) 
to that in other patients (p > 0-05). None the 
less, survival was significantly better for this 
subgroup, both for survival from th 
initially (35/52 (67:394) v 5/18 © 
for discharge from hospital (2 
3/18 (16795) ), p = 0:01. 







NUMBER OF SHOCKS AND OUTCUO 
The total number of shocks re 
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ventricular fibrillation was related to outcome. 
Of those requiring low energy shocks (one or 
two 200 J shocks to correct ventricular fibrilla- 
tion) 46:2% (24/52) survived to discharge com- 
pared with only 16:7% (3/18) of those re- 
quiring high energy—that is, >2 shocks 
(p = 0-05). A significantly higher proportion of 
patients in the high energy group died during 
the arrest (14/18 (77.894) v 16/52 (30-8%) 
p = 0-002). : 

Those who received more than five shocks 
had a less favourable outcome. None of the 
eight patients given more than five shocks 
survived the arrest whereas 64:5% (40/62) of 
those given five or fewer: than five shocks 


"survived (p = 0:002). 


DRUG TREATMENT 

There were data on digoxin treatment for 67 
patients, and on antiarrhythmic agents and f 
adrenergic blockers for 66 patients. Eighteen 
patients were not taking any of these drugs, 
four were taking B blockers only, one digoxin 
only, and one antiarrhythmic agents only. The 
remaining 42 patients were taking various 
combinations of drugs. Individual antiarrhyth- 
mic agents were not identified because the small 
numbers of each would have rendered analysis 
difficult. Most of the 15-patients who were 
taking antiarrhythmic agents before ven- 
tricular fibrillation developed were treated with 
either lignocaine or mexiletine. One patient 
had been receiving intravenous bretylium 
tosylate and four amiodarone. Twenty four 
patients were taking digoxin and seven f) adren- 
ergic blocking agents. Previous treatment with 
digoxin or f adrenergic blocking agents had no 
significant effect on shock success or outcome. 
Antiarrhythmic treatment was associated with 
improved first shock success rates (13/15 
(86-79) v 27/51 (52-996) p = 0-04). 


MULTIPLE REGRESSION ANALYSIS 

A multiple regression analysis was performed 
to assess the predictive value of the following 
factors in determining first shock success: age, 
sex, transthoracic impedance, arrest site, dura- 
tion of ventricular fibrillation, ventricular 
fibrillaion amplitude, type of- ventricular 
fibrillation (primary or secondary), aetiology of 
ventricular fibrillation, and drug treatment. 
Multiple regression identified arrest site in 
hospital as the most important predictor of first 
shock success. Treatment with antiarrhythmic 
agents was identified as the second most 
important predictive factor. No other variables 
contributed significantly. 

For outcome from ventricular fibrillation, a 
second multiple regression analysis was per- 
formed. The same factors plus the total number 
of shocks required for defibrillation were 
entered. The factors of greatest significance in 
predicting discharge from hospital in rank 
order of importance were ventricular fibrilla- 
tion amplitude 20:5 mV, age <70 years, and 
<2 shocks to correct ventricular fibrillation. 


Discussion 
In this group of patients with ventricular 
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fibrillation, defibrillation success with 200 J 
shocks was not related to transthoracic 
impedance. Multiple regression analysis did 
not select transthoracic impedance as an 
important predictor of first shock success. We 
found that low energy shocks were as successful 
in patients with a high transthoracic 
impedance, which was arbitrarily defined as 
mean +1 SD—that is > 115 Q, as they were in 
patients with a transthoracic impedance of 
<115 Q. This accords with a prospective 
analysis of defibrillation performed in 183 
patients where the initial shock was usually 
200 J." There was no difference in transthoracic 
impedance between those who defibrillated and 
those who did not." This study did not assess 
energy requirements and included patients 
who developed ventricular fibrillation late in 
the resuscitation, generally after an initial 
brady-asystolic arrest with defibrillation failing 
in a high percentage of patients. Geuze and de 
Feijter also suggested that transthoracic 
impedance was not a useful predictor of de- 
fibrillation success when low energy shocks 
were used." Aylward et al investigated elec- 
trode-chest wall coupling agents during canine 
ventricular defibrillation and found that higher 
transthoracic impedance did not alter the suc- 
cess of countershock.'* 

It has been suggested that transthoracic 
impedance is an important determinant of 
defibrillation at energies lower than 200 J. 
Kerber et al found that patients with a trans- 
thoracic impedance of >97 Q had a reduced 
success rate for defibrillation with <100 J 
shocks.’ However, this effect was not seen with 
shocks of >200 J. This study was performed in 
only 25 patients with ventricular fibrillation and 
no information was given on the duration of 
ventricular fibrillation or the amplitude of ven- 
tricular fibrillation. In a later study the same 
group suggested that shocks of 100 J were less 
effective in patients with a transthoracic 
impedance of 270í) than in those with a 
transthoracic impedance of <70Q.° In this 
study also, most patients did not have ven- 
tricular fibrillation, and of those who did, most 
developed the arrhythmia in the electro- 
physiological laboratory.‘ Ventricular 
defibrillation in these situations may not be 
representative of true emergency defibrillation. 
Furthermore, in this study those patients who 
developed ventricular fibrillation elsewhere— 
that is in locations other than the electro- 
physiology or cardiac catheterisation labora- 
tories and řequired “emergency” defibrillation 
were excluded from receiving an initial 100 J 
shock and were treated with an initial shock of 
200 J regardless of their transthoracic im- 
pedance.Ó Separate transthoracic impedance 
ranges for patients with different arrhythmias 
were not given; this is important because the 
mean (SD) transthoracic impedance for the 
group was 75 (21) Q. Our mean transthoracic 
impedance for ventricular fibrillation. patients 
was significantly higher than this and was 
similar to that reported by Lerman et al who 
studied patients who developed ventricular 
fibrillation during electrophysiological test- 
ing.” Thus the conclusions made by Kerber et 
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al are based on a mixed group of patients, of 
whom only some required emergency defibril- 
lation. Extrapolation of these results to the 
clinical setting has to be viewed with caution. 
We believe that our patients with ventricular 
fibrillation are representative of the true emer- 
gency clinical situation because in all of them 
ventricular fibrillation occurred spontaneously 
and not in the catheterisation laboratory. 
Unlike other studies?? we specifically excluded 
patients with atrial flutter and ventricular 
tachycardia, because these arrhythmias require 
a fraction of the energy required to convert 
atrial and ventricular fibrillation. 

We found that patients with ventricular 
fibrillation had higher mean transthoracic 
impedance (93 (22) Q) than a group of patients 
from a previous study undergoing elective 
cardioversion of atrial fibrillation (69 (16) 
QXp < 0:001)" Because transthoracic 
impedance is dependent on ionic conduction 
and therefore related to tissue conductivity, it is 
not surprising that the dramatic haemo- 
dynamic and metabolic effects of cardiac arrest 
can alter transthoracic impedance. Experi- 
mental support for this suggestion is provided 
by Wojtczak who reported that myocardial 
tissue resistivity increased with hypoxia.'^ In 
addition, Childers et a/ found that the tissue 
resistance of ventricular myocardium increased 
with ischaemia and they suggested this may be 
the result of cell swelling, intercellular uncou- 
pling at gap junctions, and membrane disrup- 
tion." Also, during a cardiac arrest skin blood 
flow is reduced and there is an increased resis- 
tivity of stationary blood." 

Because it is the current that actually 
defibrillates, it would be more satisfactory to 
use a method for defibrillation that was 
independent of transthoracic impedance and 
delivered a constant current to each patient. We 
have reported our initial experience with a 
microprocessor controlled current based 
defibrillator that titrates energy according to 
each patients individual transthoracic 
impedance." This defibrillator has a success 
rate comparable to conventional defibrillators 
but it delivers significantly less energy and 
current per shock. 

Single factor analysis identified only the site 
of the cardiac arrest and prior treatment with 
antiarrhythmic agents as being significantly 
associated with the success of the first 200 ] 
shock. These findings were confirmed by mul- 
tiple regression analysis. Ventricular fibrillation 
outside hospital was associated with ventricular 
fibrillation of a longer duration. Though we 
found no association between the duration of 
ventricular fibrillation and shock success, 
others have reported an inverse relation be- 
tween the duration of ventricular fibrillation 
and the success of defibrillation.? We did not 
find that transthoracic impedance was higher in 
patients who had cardiac arrest out of hospital 
and we found no relation between transthoracic 
impedance and the duration of ventricular 
fibrillation. 

The effect of antiarrhythmic drugs on success 
of the first shock is interesting but difficult to 
explain because this group included patients 


taking lignocaine, mexiletine, amiodarone, and 
bretylium tosylate either singly or in various 
combinations. Because of the small numbers of 
patients taking each drug, we did not perform 
individual analyses. It has been suggested that 
the effects of drugs on transmembrane sodium 
and potassium currents explains the alterations 
in the defibrillation threshold." Lignocaine 
produced a small fall (7%) in canine trans- 
thoracic impedance when it was given with 
pentobarbital anaesthesia.” Bretylium tosylate 
increased the ventricular fibrillation thres- 
hold,” reduced defibrillation threshold,” and 
can cause chemical defibrillation.” 

Univariate analysis showed that survival to 
discharge was poorer among older patients 
(>70 years), those with transthoracic 
impedance > 1150, when an initial arrest 
occurred outside hospital, when ventricular 
fibrillation lasted more than 3 minutes before 
attempted defibrillation, when there was fine 
ventricular fibrillation, when the aetiology of 
ventricular fibrillation was not myocardial 
infarction, and when more than two shocks 
were needed to correct ventricular Bibrillation. 
Multiple regression analysis showed that the 
factors of greatest significance (in rank order) in 
predicting discharge from hospital were ven- 
tricular fibrillation amplitude 05 mV, age 
<70 years, and the requirement of < two 
shocks to correct ventricular fibrillation, Dunn 
et al reported poorer survival to discharge for 
those receiving five or more shocks” to correct 
ventricular fibrillation at the time of the initial 
arrest. Weaver et al showed that patients who 
survived had required fewer shocks than 
patients who died later in hospital (2-6 shocks o 
3:6). Defibrillation can impair left ventricular 
function.” There appears to be an association 
between survival and shock energy, because we 
found that those who were defibrillated by one 
or two (200 D shocks had a significantiv better 
survival rate than those who needed more than 
two shocks (and thus high energy shocks). 
Campbell ez al found that of 11 patients in 
whom shocks of 200 J were unsuccessful and 
were given 400 T (stored energy) shocks, oniy 
five survived to leave hospital.” Higher energy 
shocks produced a higher incidence of 
atrioventricular block after defibrillation 
though survival rates were similar." The actual 
energy delivered to a patient for a given selec- 
ted energy setting of the defibriliator depends 
on their transthoracic impedance. High 
impedance patients receive more energy and 
develop a lower peak current than low 
impedance patients. We found that 6/12 
patients with a transthoracic impedance of 
>115 Q died during the arrest and only one 
survived to be discharged. 

The association of fine ventricular fibrillation 
with an almost universally poor outcome has 
been widely reported." " Fine ventricular 
fibrillation represents a degeneration induced 
by metabolic changes, and as ventricular 
fibrillation continues its amplitude decreases. 
We found a significant association between fine 
ventricular fibrillation and ventricular fibrilia- 
tion lasting more than three minutes. Also, 
patients with a transthoracic impedance of 
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>95 Q were more likely to have fine ventricular 


fibrillation than those with a transthoracic ' 


impedance of <95 Q. Fine ventricular fibrilla- 
tion is as easy to defibrillate as coarse ventricular 
fibrillation—we obtained similar success rates 


‘both for first shock and for two 200 J shocks. 


This is similar to the results of another study.” 
The equality of ease of defibrillation accords 
with the finding that coarse ventricular fibrilla- 
tion does not reflect greater synchronisation of 
activity than fine ventricular fibrillation.” 
Myocardial ischaemia reduced the ven- 
tricular fibrillation threshold?! but did not seem 
to increase the defibrillation threshold.” 
Moderate ischaemia makes the threshold for 


ventricular fibrillation fall below control values 


and severe ischaemia produces a ventricular 
fibrillation, threshold higher than that obtained 
with moderate ischaemia; thus severe 
ischaemia may make the ventricle less vulner- 


ableto fibrillation.» Ventricular fibrillation with _ 


causes other than myocardial ischaemia or 
infarction is a more sinister development and is 
usually secondary to other disease processes the 
severity of which determines the outcome. 
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A quantitative histopathological study of right 
bundle branch block complicating acute 
anteroseptal myocardial infarction 
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Abstract 

The aim of the present study was to 
evaluate whether necrosis of the right 
bundle branch is responsible for 
development of right bundle branch 
block in acute myocardial infarction. 
Twenty patients with acute anteroseptal 
myocardial infarction were studied—10 
with right bundle branch block (group 
A) and 10 without (group B)—to evaluate 
by serial sectioning the pathological 
extent of myocardial infarction surroun- 
ding the right bundle branch and also 
that of right bundle branch necrosis. 
Myocardial infarction reached the right 
bundle branch more than 8 mm. above 
the moderator band in all of group A, 


- whereas myocardial infarction reached 


the right bundle branch less than 3 mm 
above the moderator band in only three 
patients in group B. Nine hearts in group 
A showed significant necrosis of the right 
bundle branch. In group B and in one 
case with transient right bundle branch 
block no necrosis was found. The 
occurrence of right bundle branch block 
was almost entirely explained by 
necrosis of the right bundle branch, but 
transient right bundle branch block did 
develop without necrosis of the right 
bundle branch. 


Though the outcome in patients with the 
complication of right bundle branch block in 
acute anteroseptal myocardial infarction is 
poor, there are few necropsy studies of the 
atrioventricular conduction system. Some 
workers concluded that reversible damage or 
functional impairment of the conducting cells 
or both have a major role in the development 
of conduction disturbances,*? whereas others 
encountered massive necrosis of the bundle 
branches.9? 

We examined the hypothesis that necrosis 
of the right bundle branch is a determinant of 
the occurrence of right bundle branch block in 
acute anteroseptal infarction. We measured 
the pathological extent of myocardial infarc- 
tion surrounding the right bundle branch and 
necrosis of the right bundle branch in hearts 
from patients in whom right bundle branch 
block had developed during the course of 
acute anteroseptal infarction and in patients in 
whom it had not. 


Patients and methods 

We studied the morphology of the conduction 
system in ten hearts from patients who 
developed right bundle branch block during 
the course of acute anteroseptal infarction 
(group A) and compared the changes with 
those present in ten hearts from patients who 
died. from acute anteroseptal infarction 
uncomplicated by right bundle branch block. 
We excluded patients who died within a day 
of the onset of myocardial infarction to ensure 
that the pathological analysis of myocardial 
infarction would be reliable. Acute antero- 
septal infarction was diagnosed clinically and 
confirmed pathologically in both groups. The 
electrocardiographic criteria for right bundle 
branch block were a QRS interval that was 
longer than 0-12 s with a QR configuration in 
V1 and a slurred S wave in V6.? '? 

The hearts were examined after fixation in 
1095 buffered formalin. Stenotic lesions of the 
epicardial coronary arteries were estimated by 
taking sections every 3 mm, and stenosis of 
>75% of the vessel lumen was regarded as 
significant. Most of the upper (basal) interven- 
tricular septum was cut off in blocks approx- 
imately 3-5 cm wide and 3-0 cm long accord- 
ing to Lev’s method." These blocks contained 
the atrioventricular conduction system, 
consisting of the atrioventricular node, the 
bundle of His, and the left and right bundle 
branches. These blocks were embedded in 
paraffin and sectioned (6 um) serially. We 
retained every twentieth section and stained it 
with haematoxylin-eosin, Masson's trichrome 
stain, and immunohistological stains for 
myoglobin. 

On these sections we histologically deter- 
mined the extent of the myocardial infarction 
surrounding the right bundle branch and 
studied the atrioventricular conduction sys- 
tem. After we had reconstructed the conduc- 
tion system we subdivided the right bundle 
branch into three portions.!! ? The first por- 
tion is usually immediately beneath the 
endocardium, but occasionally deeper in the 
myocardium, and extends from the bundle 
branch bifurcation to the septomarginal 
trabeculum. The second portion consists of an 
intramyocardial segment in the septomarginal 
trabeculum. The third portion is subendo- 
cardial and runs from the lower border of 
the septomarginal trabeculum to the base of 
the anterolateral papillary muscle via the 
moderator band. We regarded the right 
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Clinical details of the study groups 
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Case Age Sex From MI to death From MI to CRBBB Cause of death 
Group A: 
1* 63 M 8 day 3 day VT/VÉ 
2 75. M 3 day «14h Cardiogenic shock 
3 64 M 4 day 2h Cardiogenic shock 
4 81 M 6 day «lh Cardiogenic shock 
5 11 F 2 day «14h Cardiogenic shock 
6 82 M 16 day <5 day Cardiogenic shock 
7 84 M 2 day 4h Cardiogenic shock 
8T 75 M 5 day 8h VT/VfÍ 
9 64 F 5 day 2 day Cardiogenic shock 
10 57 M 3 day 2 day CHF 
Mean (SD) 71:6 (9:3) 5-4 (4-2) 
Group B: 
11 TI M 8 day VT/Vf 
12 82 F 12 day VT/Vf 
13 68 M 11 day CHF 
14 75 M 2 day Cardiogenic shock 
15 81 M 2 day CHF 
16 65 M 5 day VIVE 
17 47 M 2 day Cardiogenic shock 
18 72 F 21 day Cardiogenic shock 
19 55 M 14 day VT/Vf 
20 86 M 3 day Cardiogenic shock 
Mean (SD) 70-8 (12-4) 8-0 (6-1) 





*A case of transient complete atrioventricular block. 
tA case of transient CRBBB. 


CHF, congestive heart failure; CRBBB, complete right bundle branch block; MI, myocardial infarction; VT/Vf, ventricular 


tachycardia and/or fibrillation. 


bundle branch as necrotic when we found 
coagulation necrosis of the conducting cells 
with or without evidence of healing, such as 
inflammatory cell infiltration and newly formed 
granulation tissue." We based the estimate of 
the degree of right bundle branch necrosis on 
cross sectional area and classified it total 
(necrosis occupying 100% of the cross section 
of the right bundle branch), severe (75-90%), 
moderate (50-74%), and mild ( « 5075). 


Results 

CLINICAL FINDINGS 

The table shows the clinical summaries includ- 
ing the intervals between onset of myocardial 
infarction and the onset of right bundle branch 
block and death. Four patients in group A had 
right bundle branch block on admission and in 
six it developed while they were in hospital. In 
all the patients except one (case 8), right bundle 
branch block was seen at the time of death. 
Right bundle branch block had been present 
for between one and 12 days. Patient 8 had 
transient right bundle branch block for 28 
hours which developed eight hours after the 
onset of myocardial infarction. Patient 1 also 
had transient complete atrioventricular block. 


EXTENT OF INFARCTION SURROUNDING THE 
RIGHT BUNDLE BRANCH 

All cases showed significant stenoses of the left 
anterior descending coronary artery, with 
coronary thrombi in nine of group A and seven 
of group B. There was a significant lesion 
proximal to the origin of the first septal branch 
in nine group A hearts and five group B hearts. 
Single, double, and triple vessel disease was 
found in three, five, and two respectively in 
group A and two, three, and five in group B. 
Myocardial infarction was seen in the 
anteroseptal regions. Coagulation necrosis and 
some healing were identified histologically in 
all 20 hearts. Infarction adjacent to the right 


bundle branch was seen in all group A hearts, 
but in only three group B hearts, in which it was 
adjacent to the distal right bundle branch. 

Figure 1 shows the anatomical relation bet- 
ween the extent of infarction and the right 
bundle branch. In all the group A hearts, the 
upper limit of infarction extended around the 
right bundle branch to more than 8 mm above 
the moderator band—that is to the proximal 
half of the second portion of the right bundle 
branch. In three group B hearts (cases 12, 15, 
and 16), infarction extended around the right 
bundle branch to less than 3 mm above the 
moderator band. In the remaining seven 
hearts, infarction did not reach the right bundle 
branch. 


NECROSIS OF THE RIGHT BUNDLE BRANCH 

Figure 2 shows the extent of right bundle 
branch necrosis. There was significant necrosis 
of the right bundle branch in nine of the group 
A hearts; this was total in three, severe in three, 
and moderate in three. There was no necrosis 
of the right bundle branch block in the remain- 
ing heart from the patient showing transient 
right bundle branch block (case 8) and the 
conducting cells were almost normal except for 
mild hydropic changes. There was no necrosis 
in any of the group B hearts, even in the three 
in which infarction was adjacent to the right 
bundle branch. 

Figure 2 shows that infarction surrounding 
the right bundle branch did not coincide com- 
pletely with right bundle branch necrosis. In 
five group A hearts (cases 3, 4, 5, 7, and 9) the 
most proximal involvement extended further 
than the necrosis of the right bundle branch. In 
the remaining four hearts (one in group À and 
three in group B) we did not find necrosis of the 
right bundle branch despite infarction adjacent 
to the right bundle branch. In three of these 
(cases 12, 15, and 16), only a small distal 
portion of the right bundle branch was affected 
by infarction. In the remaining case (case 8) the 
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Figure | Anatomical 
relation between margin of 
myocardial infarction and 
site of right bundle branch 
in cases with right bundle 
branch block and those 
without. 

(A) Rectangular 
coordinates on the right 
ventricular surface of the 
interventricular septum 
that correspond to the 
boxed area in (B). 
Coordinates intersect at 
the upper edge of cross 
section of the moderator 
band (arrow) where the 
third portion of the right 
bundle branch was 
examined in each heart. 
The shaded area shows 
various courses of the right 
bundle branches in our 
cases. The margin of 
infarction closest to the 
base across the right bundle 
branch ts shown for 13 
hearts. In the remaining 
seven hearts without 
infarction adjacent to the 
right bundle branch, the 
highest point of infarction 
in the subendocardium of 
the right ventricular side 
of the interventricular 
septum ts shown. 9 , group 
A; ©, group B. * A case 
with transient right bundle 
branch block (heart 8). 
RA, right atrium; RV, 
right ventricle; ST, 
septomarginal trabeculum. 


Figure 2 

Semiquantitative 
presentation of necrosis of 
the right bundle branch in 
13 hearts in which 
infarction reached the 
right bundle branch. The 
broken line across the right 
bundle branch represents 
the level of the most 
proximal front line of 
infarction in each heart. 
See fig 1 for other symbols. 
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right bundle branch was not completely 
surrounded by infarcted myocardium. 

Figure 3 shows that necrosis of the right 
bundle branch was more severe in the 
intramyocardial portion than in the sub- 
endocardial portion. The intramyocardial seg- 
ment (that is, the second portion) almost always 
showed significant necrosis when it was 
surrounded by infarction, whereas the sub- 
endocardial segment (the third portion) rarely 
showed extensive necrosis. In hearts ? and 9, 
however, necrosis of the third portion was 
unusually extensive. Mural thrombus covered 
the endocardial surface above the distal right 
bundle branch in heart 3. 
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Discussion 

Myocardial necrosis adjacent to thi 
branches was found in cases of acute antero 
septal myocardial infarction complicated b: 


bundk 


conduction disturbances.!'" The extent of 
infarction surrounding the bundle branches. 
however, was not measured and the difference 
between the patients with bundle branch block 
and those without it has not been established 
We found that in patients with acute antero 
septal infarction the margin of the necrosi: 
adjacent to the right bundle branch was sig 
nificantly closer to the base of the septum in 
those with right bundle branch block (group A 
than in those without it (group B). There wa: 
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Figure 3 Histopathology 
of the right bundle branch 

Masson's trichrome stain, 
original magnification 
x SO). 

A) massive infarction 
encroaches upon the second 
portion of the right bundle 
branch running in the 
intramyocardium, which 
shows significant necrosis 

arrows). ( B) Right 
bundle branch in the 
septomarginal trabeculum, 
5 mm distal from (A) and 
unusually running in the 
subendocardium. It shows 
no necrosis despite the close 
proximity of infarction 

arrows). (C) Third 
portion of the right bundle 
branch in the 
subendocardium showing 
no necrosis (arrow), All 
sections were obtained from 


heart 5. 


no overlap in the extent of the most proximal 
involvement of the right bundle branch be- 
tween the two groups. 

The present study focused on the compli- 
cation of right bundle branch block because it 
can be accurately recognised on electrocar- 
diography and because the morphological 
features of the right bundle branch simplify 
quantitative pathological analysis of features 
such as the degree of right bundle branch 
necrosis and the anatomical relation between 
the extent of infarction and the right bundle 
branch. The right bundle branch is a slender 
structure 1-2 mm in diameter that runs with- 
out branching through the interventricular 
septum until it reaches the anterolateral 
papillary muscle of the right ventricle. "' 

Thesecond main finding of the present study 
is the extremely good correlation between the 
degree of right bundle branch necrosis and the 
occurrence of right bundle branch block persis- 
ung until death. Though the severity of right 
bundle branch necrosis varied from mild to 
total, all the cases of persistent right bundle 
branch block showed significant (moderate or 
more severe) necrosis. A >50% decrease in 
number of the conducting cells on cross sec- 
tions of the conduction system correlated well 
with chronic bundle branch or atrioventricular 
blocks." '* We found no necrosis in cases with- 
out right bundle branch block (group B). 

We found extensive necrosis of the right 
bundle branch predominantly in the 
intramyocardial segment (the second portion) 
and rarely in the subendocardial segment (the 
third portion) (fig 2). This sparing of the 
subendocardium might be explained by 
retrograde perfusion through various left ven- 
tricular sinusoidal canals" or through the left 
atrial venous system,'’ or simply by direct 
diffusion of oxygen from the ventricular cavity 
through the endocardium. 

Opinions vary about the histological lesions 
of the atrioventricular conduction system in 
acute anteroseptal infarction with bundle 
branch block. Some concluded that necrosis 
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does not have a major role in the development 
of conduction disturbances.’ ° These complica- 
tions have been attributed to reversible lesions, 
such as hydropic cell swelling,’ whereas others, 
like us, found that massive bundle branch 
necrosis was the lesion underlying conduction 
disturbances." ^ 

There are several explanations for these 
different findings about the pathological basis of 
conduction disturbances. One explanation is 
uncertainty about the duration of conduction 
disturbances. In acute mvocardial infarction it 
is impossible to determine whether bundle 
branch block is transient or persistent, 
especiallv when the patient dies within a few 
davs of the onset of infarction. This uncertainty 
about the duration of the block may influence 
the histological interpretation. Lie er a/ regar- 
ded right bundle branch block lasting more 
than six days as persistent.’ At least three cases 
(cases 1, 4, and 6) in our study fulfilled this 
criterion. Becker et a/, however, reported that 
18 of 22 patients died within four days of the 
onset of infarction in their series. This group 
emphasised reversible ischaemia as an under- 
lying cause of right bundle branch block.’ Thus 
the observations of Becker er a/ may represent 
the pathogenesis of transient block whereas our 
findings may represent that of persistent block. 

Differences in method are another explana- 
tion for the discrepancy. We used a serial 
sectioning technique and showed that there 
was discordance between the most proximal 
margin of infarction surrounding the right 
bundle branch and right bundle branch 
necrosis; this may arise because the conducting 
cells are more resistant to ischaemia than the 
contractile myocardial cells." "" The study of 
Becker et al was based on an examination of 
several sections of tissue taken from parts 
containing the assumed course of the conduc- 
tion system.’ This method is more likely to 
underestimate right bundle branch necrosis 
than serial and quantitative methods. 

In the only case with transient right bundle 
branch block (case 8) that we studied the right 


Right bundle branch block 1n infarction | 


bundle branch might have been less injured by 
‘ischaemia because the area of infarction 
surrounding the right bundle branch was not 
massive, even though it extended along the 
right bundle branch as far as it did in the cases 


with persistent right bundle branch block. We’ 


agree that degenerative changes or functional 
disorders of the conducting cells may be re- 
sponsible for transient conduction distur- 
bances.*? Hackel et al suggested non-serious 
and potentially reversible ischaemia of the 
conducting cells, the effect of potassium efflux 
from the infarcted myocardium surrounding 
the conduction system, or tbe effects of lytic 
enzymes released from infiltrating neutrophils 
as possible mechanisms.‘ 

We conclude that right bundle branch 
necrosis of more than 50% of the cross sec- 
tional area is a major determinant for develop- 
ment of persistent right bundle branch block in 
acute anteroseptal infarction. Though there is a 
variable gap between the front line of myocar- 
dial infarction and that of right bundle branch 
necrosis, we found that infarction surrounding 
the right bundle branch more than 8 mm above 
the moderator band—that is, the proximal half 
of the second portion—was necessary before 
significant necrosis of the right bundle branch 
developed. 'Transient right bundle branch 
block, however, can develop when there is no 
necrosis of the right bundle branch. 


We thank’ Miss M Kobayashi and Miss N Hirata for their 
technical assistance. 
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An antioxidant role.for calcium antagonists in the 
prevention of adrenaline mediated myocardial and 


endothelial damage 


Alberto A Noronha-Dutra, Elinor M Steen-Dutra, Neville Woolf 


Abstract 

Objective—To investigate the mechan- 
ism of calcium antagonist mediated 
cytoprotection against the damaging 
effects of adrenaline in vivo on cardiac 
myocytes and human endothelial cells 
from the umbilical vein. 

Methods—Human_ endothelial cells 
cultured from the umbilical vein and 
isolated rat cardiac myocytes were 
treated with plasma from rats given 
adrenaline 30 minutes previously with 
pretreatment with calcium antagonists 
and without. The effect on indices of cell 
damage that suggest oxidation stress was 
determined. 

Results—Pretreatment of rats with 
calcium antagonists before adrenaline 
administration largely inhibited the 
cytotoxic effects of their plasma on the 
two target cells used. Plasma taken from 
animals not pretreated with calcium 
antagonists caused release of oxidised 
glutathione from cells, a fall in intra- 
cellular reduced glutathione concentra- 
tion, a fall in ATP production, and re- 
lease of angiotensin converting enzyme 
from the endothelial cells. 

Conclusion—Calcium antagonists 
protect against the cardiotoxic effects 
of catecholamine by preventing the 
generation of plasma borne cytotoxic 
compounds, which are probably free 
radicals. 


The calcium channel blockers have an estab- 
lished role in clinical practice related to their 
effect on smooth muscle contractility. 
Evidence suggests that other functions of this 
class of drug are likely to be of equal interest. 
Many of the calcium antagonists inhibit the 
formation of atherosclerosis, and cause its 
regression in hyperlipidaemic animal models.’ 
Verapamil inhibited cataract formation in 
alloxan-diabetic rats in a tissue where there 
are no vascular smooth muscle cells. Meth- 
oxy-verapamil inhibited the myocardial injury 
produced by injection of catecholamines.? The 
mechanism by which calcium channel block- 
ers confer this myocardial protection 1s not 
certain. The initial hypothesis was that cal- 
cium influx into the myocyte would deplete 
the intracellular pool of adenosine tripbos- 
phate thus provoking an energy collapse and 
leading to cell death.*? Blockage of the cal- 
cium channels should therefore prevent this 
depletion of adenosine triphosphate. This 


hypothesis is inconsistent with the fact that 
adenosine triphosphate depletion does not 
cause myocardial damage.* When isolated rat 
cardiomyocytes maintained in a medium with 
a high calcium concentration were treated 
with isoprenaline or the calcium ionophore A 
23187 there was only a transient effect on ATP 
production.'? It is possible" ? that the damage 
produced in the myocardium by adrenaline or 
isoprenaline is mediated by free radicals. ‘This 
hypothesis arose from the observation that 
catecholamines had no direct effect on cardiac 
myocytes maintained in vitro* whereas plasma 
taken from rats 30 minutes after injection of 
adrenaline was profoundly cytotoxic to these 
cells.!? 

We studied the effect of calcium blockers on 

the oxidative stress-mediated cytotoxicity of 
plasma from catecholamine treated animals. 
The calcium blockers chosen were methoxy- 
verapamil (D600) and nifedipine, which 
belong to the phenethylamine and the dihy- 
dropiridine groups of calcium antagonists re- 
spectively. The effects of each of these in the 
same model system would show whether these 
chemically different compounds have a com- 
mon mode of action in inhibiting cate- 
cholamine induced myocardial injury. 
. Glutathione is the main source of reducing 
equivalents for protecting the cell against 
oxidative stress and the main cellular mechan- 
isms for protection against free radical attack 
are the glutathione peroxidases and glutath- 
ione transferase." Cells under oxidative 
stress extrude oxidised glutathione" '* and the 
amount of glutathione extruded is propor- 
tional to the degree of oxidative stress. Thus 
oxidative stress tends to reduce the concentra- 
tion of intracellular oxidised glutathione"? and 
the extent of the decline in the ratio of 
intracellular reduced glutathione to 
extracellular oxidised glutathione provides a 
measure of the degree of oxidative stress 
imposed on the cells. 

To determine the degree of cell damage in 
each experiment we measured two variables: 
release into the supernatant of the membrane 
bound angiotensin converting enzyme from 
human endothelial cells cultured from the 
umbilical vein and ATP production, 
measured in both endothelial cells and in 
isolated rat cardiomyocytes. 

To make these stressed cells more suscept- 
ible to damage by free radicals the concentra- 
tion of glucose in the incubating medium 
during the experiments was reduced. An 
increase in oxidised glutathione activates the 
pentose phosphate pathway. This is one of the 


us 


main sources of the reduced NADP 
(NADPH) that is used to regenerate reduced 
glutathione. 


Methods 

Endothelial cells derived from umbilical cord 
veins were established in culture by modifica- 
tions of the method originally described by Jaffe 
et al. The cells were obtained by digestion 
with a 0:07% solution of collagenase (type 1 
CLS Clostridium histolyticum, Worthington) 
for 20 minutes. The cells were resuspended in 
medium M199 supplemented with 20% fetal 
calf serum (Flow), with penicillin (100 ug/ml), 
streptomycin (100 ug/ml), and amphotericin B 
(25 ug/ml). We used first passage cells grown on 
Thermanox coverslips (13mm) ia the 
experiments. 

Cardiomyocytes were prepared from male 
Sprague-Dawley rats with an average weight of 
280g by a modified Powell and Twist 
technique." The heart was preperfused with 
calcium free Krebs’s bicarbonate (pH 7-4) 
containing 0-5 mg/dl of nitroprusside until it 
was clear of blood, and a 10 mmol/l solution of 
HEPES and superoxide dismutase (25 units/ 
ml) was added to the perfusion medium. 

The cells were treated with plasma obtained 
from rats injected 30 minutes previously with 
adrenaline bitartrate (Sigma) at a dose of 
5 mg/kg. Rats were also pretreated with 
3 mg/kg of methoxyverapamil or 2 mg/kg of 
nifedipine (Sigma) one minute before being 
injected with adrenaline. In the experiments 
with myocytes the cells were incubated for 30 
minutes with the plasma. The plasma was then 
removed and the cells were incubated with 
Krebs's bicarbonate medium in which glucose 
was replaced by sucrose. The endothelial cells, 
after incubation with plasma for 30 minutes, 
were incubated in Hanks’s medium with 5% 
fetal calf serum in which glucose was again 
replaced by sucrose. 


GLUTATHIONE MEASUREMENT 
Reduced glutathione was measured in 
myocytes according to the method described 
by Noronha-Dutra et al.'° Total glutathione, 
released by the cells, was measured in the 
supernatant after the protein was precipitated 
with 4% sulphosalicyclic acid containing 
EDTA (2 mmol/l) and the extracts were 
neutralised with triethanolamine (diluted 1:5 in 
water). Glutathione was then estimated by 
measuring the formation of 5-thio-2-nitro- 
benzoate at 412 nm with a LKB Ultrospec 
4050 spectrophotometer.'^ 

The total glutathione in the rat plasma, as 
measured before the addition of the plasma to 
the cells, was subtracted from the value for the 
released glutathione. 


ANGIOTENSIN CONVERTING ENZYME ASSAY 
Angiotensin converting enzyme was measured 
in the supernatant from endothelial cells by a 
fluorimetric assay." Angiotensin converting 
enzyme was also measured in tbe rat plasma 
before it was added to the cells and this value 
was subtracted from the concentration found in 
the supernatant. 
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Figure 1 Inhibition of release of oxidised glutathione 
from 1solated rat cardiac myocytes exposed to “adrenaline 
plasma" from animals pretreated with calcium 
antagomsts. 


ATP MEASUREMENT 

ATP concentrations were measured both in 
endothelial cells and myocytes, after freezing 
and thawing the cells twice, in an LKB-Wallac 
luminometer by the bioluminescent luciferin- 
luciferase method.’ 


PROTEIN MEASUREMENT 

Protein was measured by the method of 
Rosebary.” All the experiments were repeated 
at least twice and were performed in duplicate. 
The figures show the mean of this experiment. 


Results 

SECRETED GLUTATHIONE 

Treatment of isolated cardiomyocytes with 
plasma taken from animals given cate- 
cholamine considerably increased the secretion 
of glutathione. The increase started about 15 
minutes after the plasma was added to the cells’ 
incubating medium (fig 1). The removal of the 
plasma containing medium from the cells and 
its replacement by fresh incubating medium 
had no effect on the extracellular accumulation 
of secreted glutathione which continued. This 
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Figure 2 Inhibition of decrease in mtracellular reduced 
glutathione in rat cardiac myocytes exposed to 

‘adrenaline plasma” from animals pretreated with 
calcium antagonists. 
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Figure 3 Calcium 
antagonists inhibit the fall 
in ATP production by 
cardiac myocytes (A) and 
human umbilical vein 
endothelial cells ( B). 


Figure 4. Inhibition of 
release of angiotensin 
converting enzyme from 
endothelial cells exposed to 
“adrenaline plasma" from 
animals pretreated with 
calcium antagonists. 
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suggests that the initial cell injury caused by the 
plasma from animals treated with adrenaline 
was irreversible. 

The release of glutathione from the cells and 
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by implication the degree of oxidative stress 
was clearly reduced by treatment with the 
calcium blockers. 


REDUCED GLUTATHIONE 

The concentration of reduced glutathione in 
myocytes was greatly decreased by the treat- 
ment with the plasma from animals pretreated 
with adrenaline (fig 2). In endothelial cells 
calcium blockers were also effective in prevent- 
ing the oxidation of glutathione. 


ADENOSINE TRIPHOSPHATE MEASUREMENT 

The fall in adenosine triphosphate after the 
treatment of the cells shows that endothelial 
cells are more susceptible than cardiomyocytes 
to the toxic effect of the plasma derived from 
animals pre-dosed with adrenaline (fig 3 A and 
B). But in both cells the fall in adenosine 
triphosphate was prevented by the calcium 
blockers. 


ANGIOTENSIN CONVERTING ENZYME 

When endothelial cells were treated with 
plasma taken from animals given adrenaline the 
concentration of angiotensin converting 
enzyme, which is localised in the outer part of 
the plasma membrane of the cells, did not 
increase in the incubating enzyme if the cells 
were treated with plasma from animals that had 
been pre-dosed with calcium blockers before 
they were given adrenaline (fig 4). 


Discussion 

Hitherto the best evidence linking calcium 
antagonists with protection against cardiac 
injury mediated by free radicals relates to the 
protection they confer against the damage 
induced by doxorubicin,” where the role of free 
radicals in the injury is well established. There 
is evidence from other published reports that 
calcium antagonists can act as antioxidants. 7 ?* 

The evidence we present provides further 
confirmation that adrenaline damage to cardiac 
myocytes is largely caused by oxidative stress. 
More importantly it also shows that calcium 
antagonists largely prevent this stress. Much 
less glutathione was lost from cells when that 
plasma came from animals pretreated with 
calcium blockers. The cytotoxicity of “‘adren- 
aline plasma" could not be reproduced when 
adrenaline was added (in vitro) to the plasma of 
control (untreated) animals, even at concentra- 
tions up to one hundred times higher than 
would be expected to be found normally in rat 
plasma. 

The protective effect of calcium antagonists 
in this study was obtained not by treatment of 
the target cells themselves but by pretreating 
the animals from which the “adrenaline 
plasma" was derived. These results suggest 
therefore that in this model calcium antagonists 
act by preventing the generation in vivo of the 
cytotoxic plasma borne compounds that result 
from the administration of adrenaline. 

A role, for calcium antagonists in inhibiting 
the generation of free radicals might serve to 
protect native low density lipoprotein within 
the arterial intima from undergoing the 
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oxidative modification that seems to be impor- 
tant in the development of atherosclerotic 
lesions.” This might be an explanation for the 
inhibition of new lesion formation that has 
been described in animals and now in 
humans.” Equally, calcium antagonists may 
prevent endothelial damage and thus influence 
the progression of atherosclerosis. 
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Histopathological validation of high frequency 
epicardial echocardiography of the coronary 


arteries 1n vitro 


A Kenny, CA Fuller, N R B Cary, L M Shapiro 


Abstract 

The accuracy and reliability of 
measurement of coronary artery dimen- 
sions and detection of atherosclerotic 
lesions by high frequency epicardial 
echocardiography were compared with 
histopathological results. Ten pressure 
perfused human hearts were examined 
in vitro with a 10 MHz (Diasonics) trans- 
ducer and a 75 MHz (Vingmed/Sono- 
tron) transducer. There was close 
agreement between ultrasound and 
pathological measurements of coronary 
artery luminal diameter. Qualitative 
changes in wall structure such as diffuse 
wall thickening and calcification were 
readily identified; however, the resolution 
of the transducers was not high enough 
accurately to measure wall dimensions 
in normal coronary arteries. Coefficient 
of variation measurements for intra and 
inter observer variability (52% and 
6:9% respectively) showed excellent re- 
producibility. The technique was 
accurate in identifying atherosclerotic 
lesions, imaging arteries distal to an 
occlusion, locating deeply sited arteries, 
and identifying complete obliteration of 
an artery. 

Intraoperative video playback and 
transducer miniaturisation may mini- 
mise problems caused by cardiac 
movement and restricted access. With 
these developments intraoperative 
assessment of coronary artery disease 
may become a real possibility. 


High frequency epicardial echocardiography 
directly images the coronary artery lumen and 
wall. Intraoperative assessment of coronary 
artery anatomy by this technique may help to 
identify optimal sites for anastomoses by 
showing the coronary artery tree distal to the 
occluded segments. In addition, it may prove 
possible to identify stenotic lesions and per- 
haps even disease not detected at coronary 
angiography. To assess the accuracy and 
reliability of high frequency epicardial 
echocardiography we studied pressure per- 
fused human hearts and compared the results 
with the histopathological examination. 


Patients and methods 
Human hearts were obtained at necropsy 
(eight hearts) or at orthotopic transplantation 


(two hearts). The coronary arterial tree was 
fixed with formalin at physiological pressure 
by the method described by Thomas and 
Davies.’ This method fixes the epicardial 
coronary arteries in a distended state so that 
they have the same shape and size as in life. 


ULTRASOUND EQUIPMENT 

Five hearts were studied with a Diasonics CV 
250 unit and 10 MHz small parts/vascular 
transducer. ‘The 10 MHz transducer measures 
15 cm long, 5 cm wide, and 2:5 cm deep ap- 
proximately. It has a depth of field of 3—4 cm 
and the imaging crystal is 13 mm in diameter 
with a built-in fluid offset. The phantom point 
lateral and axial resolution of the transducer 
are 0-8 mm and 0-3 mm respectively. We then 
studied another five hearts with a Vingmed/ 
Sonotron CFM 750 unit and 7:5 MHz duplex 
transducer when it became available. This 
transducer has a contact surface of 4 cm x 
1-5 cm approximately and is 11 cm long. It 
has a built-in standoff and the axial resolution 
of this transducer operating at a frequency of 
6:2 MHzis «0:5 mm. 


ULTRASOUND TECHNIQUE 

The hearts were immersed in a water tank and 
any air bubbles present eliminated by com- 
pression of the arteries under water. Imaging 
was then performed by one operator who was 
unaware of the presence of coronary athero- 
sclerosis. The handheld transducer was placed 
over the epicardial surface of the heart and 
moved along the course of the artery being 
imaged to obtain longitudinal and cross sec- 
tional images. Simultaneous videotape record- 
ing was performed for analysis later. Ultra- 
sound measurements were made on freeze 
frame images by internal electronic calipers. 
Measurements were confined to high quality 
images. The location along the coronary 
artery from which the echocardiographic 
image and measurements were obtained was 
marked with a metal staple in the adjacent 
epicardium. For tbe pathological measure- 
ments we used calipers to measure directly the 
arterial lumen of the marked arterial seg- 
ments. Ultrasound measurements of wall 
thickness were compared with measurements 
on histological sections from paraffin proces- 
sed transverse cut blocks. The intra and inter 
Observer variabilities of high frequency 
epicardial echocardiography were measured to 
assess the reproducibility of the technique. 
Thirty randomly chosen images, 15 from each 
transducer, were reanalysed by the same 
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Figure 1 (10 MHz transducer). 
(A) Longitudinal image of a right coronary 
artery with an eccentric plaque (arrow). 

(B) Transverse section through the same 
plaque. ( C) Corresponding transverse section 
stained with haematoxylin and eosin (original 
magnification x 24) showing an eccentric 
atherosclerotic plaque. 


observer two weeks later. Another observer ised from the bifurcation of the left main 


analysed the same 30 images independently. coronary artery to the cardiac apex in eight 
hearts. The major diagonal branches and septa! 
STATISTICAL ANALYSIS branches of the left anterior descending artery 
Agreement between ultrasound and patho- were also imaged (figs 3, 4, and 5). The left 
logical measurements of vessels was expressed anterior descending coronary artery was noted 
as the mean plus or minus two standard devia- to be occluded in the mid-segment in tw 


tions of the differences between the two hearts and this was confirmed at dissection. I 
methods. Intra and inter observer variability was possible to image by ultrasound the arters 
were assessed by the coefficient of variation. distal to the occluded segment in both thes 
hearts (figs 3E and 5E). In one of these cases the 
artery distal to the occlusion was a bridged 


Results intramyocardial vessel and this was easil' 
VISUALISATION OF CORONARY ARTERIES located with ultrasound (fig 3E 
Thirty six coronary arteries were studied in The circumflex artery was imaged with the 7-5 


10 hearts (14 with the 10 MHz and 22 withthe MHz transducer in four hearts. This artery wa: 
7:5 MHz transducer). The luminal diameter not imaged in one heart because of occlusior 
ranged from 0:7 mm to 5:0 mm. along its length; this was confirmed at disse 
The right coronary artery was successfully tion. The circumflex artery was imaged in t 
imaged in eight hearts (figs 1 and 2). The right of the five hearts by the 10 MHz transducer. ^ 
coronary artery was not imaged in two hearts: first obtuse marginal branch of the circumtles 
in one because perfusion fixation hadresultedin coronary artery was also imaged. We did no! 
collapse of the artery and in the other because image the circumflex coronary artery in tw 
of occlusion along the length of the artery transplant recipient hearts because it had been 
which was confirmed at dissection. transected. The circumflex coronary artery wa: 
The left anterior descending artery was visual- occluded along its length in the fifth hear! 
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Figure 2 7-5 MHz 
transducer). (A) Normal 
right coronary artery with 
conus branch (C) and a 
line which may represent 
arterial wall (arrou 

B) Normal right 
coronary artery in 
atrioventricular sulcus. 

C) Normal right 
coronary artery with right 
ventricular branch 

arrow). RCA, right 
coronary artery 


Figure 3 10 MHz 
transducer A) Severe 
stenoses (arrows) in left 
anterior descending artery 

LAD) and first diagonal 
branch | DI) with 
corresponding transverse 
section | B) stained with 
haematoxylin and eosin 

original magnification 
17) showing both arteries 
with concentric intimal 
thickening, which was 
more pronounced in the 
first diagonal. (C) Severi 
stenosis of the proximal 
left anterior descending 
artery | arrows D: A 
severely diseased left 
anterior descending artery 
orth the kened wall black 
arrow) and trregular 
lumen that eventually 
becomes occluded 

E) A site 2 cm distal to 
the obstruction shows a 


deeply sited, thin walled 


normal myocardial bridged 


segment of the same artery 
white arrow ) 
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MEASUREMENT RELIABILITY AND 
REPRODUCIBILITY 

The coefficients of variation for intra and inter 
observer measurements (5:2", and 6-9% res- 
pectively) showed the reproducibility of the 
technique was acceptable. 


COMPARISON OF ULTRASOUND AND 
HISTOPATHOLOGICAL MEASUREMENTS 
We performed 59 measurements of coronary 
artery luminal diameter (0:7-5:0 mm) (33 with 
the 10 MHz transducer and 26 with the 7:5 
MHz transducer). There was close agreement 
between measurements of coronary artery 
luminal diameter determined by high fre- 
quency epicardial echocardiography and 
measurements made when the corresponding 
segments of arteries were dissected. The stan- 
dard deviation of differences between patho- 
logical and ultrasonic measurements of luminal 
diameter was 0-12 mm with a mean difference of 
0-01 mm. There was therefore a less than 
5"e chance of either underestimating the 
pathological dimension by 0:25 mm or of 
overestimating it by 0:22 mm by the use of 
echocardiography. High frequency epicardial 
echocardiography readily identified qualitative 
changes in wall structure such as diffuse wall 
thickening and calcification (fig 3D). In normal 
coronary arteries, however, it was not possible 
to measure the arterial wall because it was 
below the resolution of both transducers. We 
did note a line adjacent to the lumen which 
though it was too thick to be the endothelium 
may be the normal arterial wall (figs 2A and 
4D). 
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Figure 4 7-5 MHz 
transducer). (A) Normal 
left anterior descending 
artery (LAD) and first 
diagonal branch ( D1). 

( B) Normal left anterior 
descending artery with first 
and second (D2) diagonal 
branches. (C) Normal left 
anterior descending artery 
with two septal branches 
(Si). (D) Normal left 
antertor descending artery 
with clearly defined line 
vhich may represent 
arterial wall ( arrows). 


DETECTION OF CORONARY ATHEROSCLEROSIS 

All lesions detected by ultrasound were 
examined by histological section. Ultrasono- 
graphically normal segments of coronary 
arteries were also sectioned. There was com- 
plete agreement between the two methods with 
respect to the presence or absence of lesions. 


Discussion 

Coronary angiography, which is the standard 
method of evaluating coronary artery disease, 
has some limitations. Pathological and physio- 
logical studies suggest that coronary angio- 
graphy underestimates the extent and severity 
of coronary artery disease. ' Complete 
occlusion of an artery at angiography limits 
information on the distal coronary arterial bed 
and its suitability for insertion of bypass grafts. 
Visually estimated percentage diameter nar- 
rowing on coronary angiography as a measure 
of the severity of stenosis is not universally 
accepted, especially in lesions of intermediate 
severity. ^ These limitations of coronary 
angiography suggest that the preoperative in- 
formation provided to the surgeon by angio- 
graphy may not always be optimal. Imaging of 
coronary arteries with a commercial high 
frequency epicardial transducer may therefore 
provide useful information supplementary to 
the coronary angiogram. 

High frequency epicardial echocardiography 
with a high resolution transducer to image the 
coronary arteries was first described by Sahn et 
al in 1982.’ Epicardial placement of the trans- 
ducer allows longitudinal and cross sectional 
imaging of the coronary arterial lumen and 
wall; whereas angiography provides a longi- 
tudinal image of contrast in the arterial lumen 
and only provides an image of the arterial wall if 
calcification is present. Previous studies have 
validated the accuracy of high frequency epi- 
cardial echocardiography in assessing the 
luminal diameter of the coronary artery and the 
wall dimensions in living animal models." "" 
The technique has not been validated with 
either a 10 MHz or 7:5 MHz transducer. 





McPherson et al are the only other gr: 


have validated high frequency  epicardia 
echocardiography by studving human hear 
vitro." They established the accuracy 
MHz transducer in assessing 
luminal and wall measurements 
in vitro using five human postmortem heat 
However, the ultrasound measurements wer 
performed on the pressure perfused hea: 
before formalin fixation and compared wit! 
histological measurements on formalin an 
paraffin processed sections. The histologica! 
measurements are therefore subject to fixatior 
artefacts. Arterial shrinkage occurs and thi 
technique has been shown to alter measur: 
ments by up to 10% We performs 
ultrasound measurements on the formal. 
pressure perfused heart and subsequent 
made pathological measurements at dis 
In this way we avoided potential errors 
comparing ultrasound measurement! 
luminal diameter with measurements on hist: 
logical sections with 
shrinkage artefacts. 
We found the technique to be accurate and 
reliable for measuring coronary artery lumina! 
diameter. Though the resolution of the trans 
ducers was not sufficient accurately to identify 
the interface between the arterial wall and 
adjacent epicardium in thin norma! arterial 
walls, qualitative changes in wall structure and 
calcified and fibrotic plaques were readily iden 
tified (figs 1, 3A, 5A, and 5B). Visualisation of a 
coronary artery distal to an occlusion, which 
may be difficult to assess with angiography, was 
also possible with high frequency epicardial 
echocardiography (figs 3E, and 51 [hi: 
likely to be useful in identifying a suitabli 
for graft insertion. When an 
located by ultrasound pathological exami: 
tion confirmed that the artery was occluded 
along its entire length. [This may be u 
during operation because it may prev 
unnecessary delay of searching for an oblit 
ated artery. Accurate measurement of luminal 
diameter and delineation of atheroscleros 
may also identify arteries that 
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diseased and too small to accept a graft. We also 
showed that deeply sited arteries can be readily 
identified (fig 3E). Both transducers produced 
satisfactory images, and though one would 
expect the 10 MHz transducer to have better 
resolution than the 7-5 MHz transducer, we 
found that the 7:5 MHz transducer produced 
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Figure 5 75 MHz transducer ). 
Transverse (A) and longitudinal i B 
images of a discrete stenotic lesion in a md 
left anterior descending artery. 

(C) Corresponding transverse section 
stained with haematoxylin and eostn 
(original magnification x 27) shows 
concentric intimal thickening. 

(D) Coronary angiogram taken two weeks 
before death ( lesion arrowed) ts also 
shown. (E) Left anterior descending arter, 
with atheromatous deposits along supertor 
wall ( arrows). ( F) Severely diseased left 
anterior descending artery (double arrow 
with occlusion and patent artery 
distal to occlusion (arrou 


qualitatively better images. The 75 MHz 
transducer is a more recently developed trans- 
ducer and its image quality has been improved 
by recent technical advances. The smaller 7:5 
MHz transducer will also allow Doppler 
examination of the coronary blood flow, but its 
size will limit examination of the coronary 





anb 


artery tree in vivo to the left anterior descend- 
ing and proximal right coronary arteries. 

High frequency epicardial echocardiography 
with a 7-5 MHz or 10 MHz transducer ac- 
curately and reproducibly measured coronary 
artery luminal diameter, detected qualitative 
changes in wall structure, and delineated 
stenotic lesions. In addition, it located deeply 
sited vessels, visualised an artery distal to an 
occlusion, and showed whether an artery is 
completely obliterated. 

We have performed several preliminary 
studies in patients undergoing cardiac surgery. 
Cardiac movement and restricted access have 
proved to be the main obstacles to intra- 
operative imaging of coronary arteries. 
Videotape' recording and rapid playback 
facilities have enabled detailed analysis of 
arteries intermittently visualised during the 
cardiac cycle. We are about to assess a new 7:5 
MHz finger profile transducer that should 
greatly improve access to the right coronary 
and circumflex arteries. 
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Myocardial infarction in childhood: clinical 
analysis of 17 cases and medium term follow up of 


survivors 


David S Celermajer, Gary F Sholler, Robert Howman-Giles, John M Celermajer 


Abstract 
Between 1979 and 1989 17 patients aged 
two months to 12 years with acute 
myocardial infarction of any cause 
(other than after cardiac surgery) were 
seen at a children’s hospital. Eight died 
from three days to three years after 
diagnosis (overall mortality 47%). The 
nine survivors, now aged 2-17 years, have 
been followed for one to 10 years (mean 
follow up five years) after infarction. The 
commonest causes of myocardial infarc- 
tion in this series were anomalous origin 
of left coronary artery from the pulmon- 
ary artery (six patients (35%)) and 
Kawasaki disease (five patients (27%)). 
The main symptoms of acute myocar- 
dial infarction were dyspnoea, vomiting, 
and difficulty feeding. Diagnosis was 
made in all patients by electrocardio- 
graphy and confirmed by echocardio- 
graphy, cardiac catheterisation, or at 
operation. All survivors were symptom 
free with excellent exercise capacity. The 
left ventricular ejection fraction in 
survivors ranged from 21% to 66%, and 
only one child was on regular cardiac 
medications. There were no cases of late 
sudden death. Twenty four hour Holter 
monitoring performed on survivors was 
normal (seven) or showed minor abnor- 
malities only (one) suggesting that 
serious arrhythmia is rare after 
paediatric myocardial infarction. 
Myocardial infarction in children had 
a high early mortality; however, the 
iucidence of serious arrhythmia was low 
in the survivors, who had a good exercise 
tolerance even when the left ventricular 
ejection fraction was low. 


| 

Myocardial infarction is rare in infancy and 
childhood.!? There have been several reports 
of myocardial infarction complicating 
Kawasaki disease," anomalous coronary 
arteries,’ coronary embolus,’ myocarditis,’ ? 
chest trauma,!! ^ and various rare paediatric 
diseases. But there has been no reported 
systematic follow up of a considerable number 
of children with non-operative myocardial 
infarction from all causes. 

We therefore collected clinical data and 
systematically investigated patients with 
proven myocardial infarction from our hospi- 
tal to examine the clinical profile of those 
affected and evaluate the state of survivors. 


Patients and methods 

We reviewed the records of all children with 
typical electrocardiographic findings of acute 
myocardial infarction seen at the Royal Alex- 
andra Children's Hospital, Sydney, between 
February 1979 and February 1989. 

Records of all necropsies carried out at the 
hospital over that time and echocardiography 
or operative reports of high risk conditions 
(that is Kawasaki disease and anomalous left 
coronary artery) were also examined to detect 
any additional cases, but none was found. 

Survivors underwent a series of non- 
invasive investigations between July and Sep- 
tember 1989. Twelve lead electrocardio- 
graphy, cross sectional, and Doppler echocar- 
diography with particular attention to left 
ventricular wall motion and left ventricular 
fractional shortening, and 24 hour Holter 
monitoring (Hewlett Packard 43400B patient 
analyser) were carried out by standard tech- 
niques." Bicycle or treadmill exercise test- 
ing was performed by incremental increases in 
workload in the standard manner, as des- 
cribed elsewhere.*? Predicted values for 
pulse and blood pressure response, and for 
maximum workload for age, size, and sex were 
obtained from standard references.” ? 

Stress thallium-201 myocardial scans were 
performed after an intravenous infusion of 
dipyridamole (0-56 mg/kg) over four min- 
utes.??* Thallium-201 citrate adjusted for 
body weight (1.75 mBq/kg) with a minimum 
dose of 15 mBq was administered at eight 
minutes. Planar imaging in the anterior, left 
anterior oblique 40°; left anterior oblique 60°; 
and left lateral positions was performed with a 
Starcom 400 AT gamma camera. Images were 
taken at five minutes and at three hours after 
the injection of thallium-201. Computer 
enhancement of images and circumferential 
count profiles were performed. Images were 
divided into five equal ventricular segments as 
previously described.? 

Radionuclide gated heart pool scans were 
performed at rest by electrocardiographically 
synchronised blood pool imaging of red blood 
cells labelled in vivo with technetium-99m.* 
Images were acquired in the anterior, modified 
left anterior oblique, and left lateral positions. 
We used a small field of view 300 A General 
Electric gamma camera fitted with high resolu- 
tion 30° slant hole collimator that was inter- 
faced with a DEC gamma 11 (PDP-11/34) 
computer system. Images were obtained as 24 
frames in a 64 x 64 matrix and were analysed 
for evidence of regional wall motion abnor- 
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Table1 Dataon 17 patients with paediatric myocardial infarction 








Period of 
Case Sex Age at MI Diagnons follow-up Operation]age Outcome 
l M 3 mnth ALCA 101 yr ALCA repair/5 yr Alive 
2 F 4 mnth ALCA 24 yr ALGA repair/5 mnth Alive 
3 F 3 moth ALCA 74 yr ALCA repair/9 mnth Alive 
4 sM 10 mnth KD 2yr — Alive 
5 F 14 mnth KD 44 yr — Alive 
6. M 18 mnth KD 3 yr — Alive 
7 M 6 mnth KD 4yr — Alive 
8 M 9 yr Trauma 8 yr LVAn/12 yr Alive 
9 F 12 yr Myo l — j Alive 
10 F 10 mnth M 16 mnth — Dead 
HI E 4 mnth CA 4 mnth ALCA repair/8 moth Dead 
12 M 3 math Embolus 6 mnth — Dead 
13 F 6 mnth ALCA 1 mnth — Dead 
14 F 2 moth Fibrosis 2 mnth — Dead 
15 F 4 mnth ALCA 3 yr ALCA repair/5 mnth Dead 
16 F 2 yr KD 3 days — Dead 
17 F 8 yr H/T 3 days aos Dead 


ALCA, anomalous origin of left coronary artery, Embolus, coronary embolus; Fibrosis, internal fibrosis of coronary artery; H/T, 
hypertension with renal failure, KD, Kawasaki disease, LV An, left ventricular ancuryamectomy; MI, myocardial infarction, Myo, 


myocarditis, probable coronary embolus, Trauma, blunt chest trauma. 


malities ‘and for quantification of ejection 
fraction.”’ 


Results 

We identified 17 children (six boys, 11 girls) 
with typical electrocardiographic features of 
myocardial infarction at our hospital between 
February 1979 and February 1989 (table 1). 
Those with myocardial arcon after cardiac 
surgery were excluded. 

Age at diagnosis ranged from two months to 
12 years, with 14 patients (82%) being diag- 
nosed at the age of 2 years or younger. Twelve 
patients (71%) presented with dyspnoea as the 
primary symptom, accompanied by vomiting 
or poor feeding. Two patients presented with 
out-of-hospital cardiac arrest (one later died), 
one had features of Kawasaki disease and an 
abnormal electrocardiogram, and two older 
children presented with chest pain. 

The myocardial infarction was in the 
territory of the left coronary system in 15 of the 
17 children, including the eight who died, and 
in the area supplied by the right coronary artery 
in two. 

Table 2 shows the causes of myocardial 
infarction in this group of children. Anomalous 
left coronary artery arising from the pulmonary 
artery (35%) and Kawasaki disease (29%) 
accounted for most cases. 


SURVIVORS 

Nine patients aged from two months to 12 years 
at the time of myocardial infarction were alive 5 
(3) (range 1—10) years after infarction. All were 
symptom free and were active participants in 
appropriate pastimes for their age. One patient 
(case 6) was taking cardiac medication (capto- 


Table 2 Causes of childhood myocardial infarction 


Intmal fibrosis of co 


pril, digoxin, and frusemide). Three patients 
were taking aspirin after Kawasaki disease. 

Four children had open heart surgery after 
diagnosis. Three had surgical reimplantation of 
an anomalous left coronary artery to aorta. One 
patient with congestive cardiac failure refrac- 
tory to medical treatment had resection of left 
ventricular aneurysm and repair of mitral valve 
three years after a post-traumatic coronary 
occlusion with infarction. 

Table 3 summarises the investigations. 
Chest x rays were normal in two patients 
(patients 4 and 9) and showed mild cardiac 
enlargement in the other seven children. No x 
rays showed evidence of pulmonary venous 
congestion or interstitial oedema. Electrocar- 
diography showed a pattern typical of past 
infarction in all the children. 

The size of the infarct was assessed by 
dipyridamole thallium-201 myocardial scin- 
tigraphy in seven patients (one patient lives in 
rural New South Wales and was not able to 
have a thallium scan and one refused the test). 
All showed fixed perfusion defects of varying 
size consistent with scar tissue from past 
myocardial infarction. 

Left ventricular function was assessed in all 
survivors by echocardiography or radionuclide 
gated heart pool scans or both. Left ventricular 
ejection fractions ranged from 21% to 66%, 
with most having ejection fractions <50%. 
Three children had mild mitral regurgitation. 
Wall motion abnormalities were detected and 
were concordant on echocardiograms and 
thallium scans. The echocardiogram did not 
show apical dyskinesis well. Mural thrombus 
was not detected in any patient. 

Exercise capacity was assessed by formal 


Dusease Survivors Non-survivors Total (9$) 
Anomalous origin of left coronary artery from pulmonary artery 3 3 6 (35) 
Kawasaki disease 4 I 5 oe 
Myocarditis-probable coronary embolus i I 2(12 
Blunt chest trauma 1 — 1 (6) 
Hypertension — 1 1 (6) 

— 1 

— 1 


ronary art 
Absent, thrombosed, or eriboliscd left coronary artery 
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Table 3 Follow up investigation in survivors of paediatric myocardial infarction 
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LVEF, left ventricular ejection fraction, VEs, ventricular extrasystoles 


exercise stress testing (five patients), or history 
and direct observation (in three patients who 
were too young to attempt formal exercise 
testing and in one patient who lived too far 
from a suitable exercise testing facility). Exer- 
cise capacity was > 80% of that predicted in all 
patients formally tested, with normal pulse and 
blood pressure response. None developed chest 
pain, dyspnoea, or  electrocardiographic 
changes suggestive of ischaemia. | 

Twenty four hour Holter monitoring was 
performed in eight patients (but not in one who 
lived in rural New South Wales). This was 
normal in seven patients and showed minor 
abnormality only in one (four consecutive 
ventricular extrasystoles at a rate of 90 beats per 
minute but otherwise normal). There were no 
episodes of palpitation, syncope, or out-of- 
hospital cardiac arrest in any patients. 


DEATHS 
Eight children died. All had extensive infarc- 
tion of the left ventricle demonstrated by left 
ventriculography (two patients) or necropsy 
(six patients). T'wo children had undergone 
surgical repair for anomalous coronary artery. 
Six children died within six months of diag- 
nosis. Death was from cardiogenic shock, 
intractable heart failure or at the time of cardiac 
catheterisation (one patient) or surgery (one 
patient). Two children had longer survival 
times (16 months, three years), succumbing to 
intractable heart failure despite maximum 
medical treatment. There were no cases of late 
sudden death. 


Discussion 

Acute myocardial infarction is a rare cause of 
morbidity and mortality in childhood. We have 
identified 17 children seen at our hospital with 
myocardial infarction over a 10 year period. 
Mortality was high (47%) and generally 
occurred within 6 months of diagnosis. 
Excellent cardiovascular fitness and an absence 
of serious arrhythrnia were found in survivors, 
even in the presence of significant left ven- 
tricular dysfunction. There were no cases of 
sudden out-of-hospital death. In this series, 
however, the number of survivors was small 
and there was a variety of diagnostic categories. 
It is therefore difficult to make authoritative 
conclusions about the late incidence of arrhyth- 
mia and sudden death after myocardial infarc- 
tion in childhood. 
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Gated Heart pool scan Holter 

Thalhum scan LVEF (%) | wall moton monitoring 

Fixed defect 1n posteroinferior wall 64 Area of hypokinesis in high posterior wall Normal 

Thinning of anteroseptal area 66 Normal Normal 

Mild fixed apical defect 52 Moderate apical hypokinesis Normal 

Fixed defect in anteroseptal wall 41 Moderate anteroseptal hypokinesis Normal 

Fixed anteroseptal and lateral wall defects 23 Anteroseptal and lateral wall akinesis Normal 

Fixed anteroseptal defect 21 Anteroseptal hypokinesis; apical dyskanesis Run of 4 VEs at 90/min, 

otherwise normal 

— 47 Anterior wall hypokinesis Normal 

Fixed anteroseptal defect 31 Anteroapical akinesis Normal 


There has been little information on 
paediatric myocardial infarction. Athero- 
sclerosis, the most common predisposing lesion 
in adult myocardial infarction, is exceedingly 
rare in the paediatric population.” Chest pain, 
the most frequent symptom of myocardial 
ischaemia and infarction in adults, cannot be 
reported by neonates or infants. Therefore not 
only is the prevalence of myocardial infarction 
in children low but clinical detection of the 
condition may be difficult. 

The diagnosis of myocardial infarction in 
children was made by electrocardiography sup- 
plemented by echocardiography and cardiac 
catheterisation. Electrocardiography is ‘not 
100% sensitive for myocardial infarction,” * 
and so we may have underestimated the num- 
ber of children with myocardial infarction. 

There are many reported causes of myocar- 
dial infarction in childhood. In our series, 
anomalous origin of left coronary artery from 
the pulmonary artery and Kawasaki disease 
were the commonest causes. Myocarditis has 
been reported to cause both segmental cardiac 
necrosis mimicking myocardial infarction” and 
coronary occlusion with “true” myocardial 
infarction. The presumed mechanism of the 
latter is either coronary arteritis with throm- 
bosis or coronary embolism from left ven- 
tricular thrombus, which we believe was the 
mechanism in our two patients. Blunt chest 
trauma has been reported to cause myocardial 
infarction secondary to traumatic coronary 
occlusion." * Other causes include intimal 
irregularities with in situ coronary throm- 
bosis,? in utero paradoxical embolus,? severe 
cyanosis, perinatal asphyxia,“ and general- 
ised arterial calcification of infancy.” ’ 

Mortality was high (47%) in our series. Late 
diagnosis in children because symptoms are not 
reported means that appropriate treatment is 
often not given immediately after acute 
myocardial infarction.” Anomalous origin of 
left coronary artery presenting in infancy has a 
high mortality in all series," because 
ischaemia or infarction affects a large propor- 
tion of left ventricular muscle. The high 
incidence of severe cardiac failure in our 
patients reflects the generally large infarcts. 
This was confirmed at necropsy in six of the 
eight non-survivors. 

In 1969, Imrich Bor analysed 29 cases of 
childhood myocardial infarction identified from 
necropsy files between 1945 and 1960.’ The 
average age of this patient group was five years, 
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and only one of 29 patients survived more than 
four months after diagnosis. 

Two (12%) of our 17 cases presented with 
cardiac arrest, which may have been caused by 
early ventricular arrhythmia. This is similar to 
the finding of Adgey et al in adults, who found 
ventricular arrhythmias in 11-5% of 284 
patients within 24 hours of the onset of myocar- 
dial infarction.” 

There have been no series analysing long 
term follow up in survivors of childhood 
myocardial infarction. In 1986 Nakano et al 
identified 11 patients with myocardial infarc- 
tion after Kawasaki disease, of whom two 
died.* The diagnosis was made by electrocar- 
diography and echocardiography. In 1986 
Kato et al identified the clinical and laboratory 
features of cardiac disease in the acute phase of 
Kawasaki disease in 195 patients from 151 
major hospitals in Japan; however, follow up 
data beyond the acute phase are not provided." 

We followed nine survivors of paediatric 
myocardial infarction from one to 10 years. 
Some had had large infarcts, with left ven- 
tricular ejection fractions of less than 25% and 
large areas of akinetic ventricular wall, whereas 
others had small infarcts with minimal left 
ventricular dilatation. The striking feature was 
that all nine were symptom free, only one 
needed cardiac medication, and all had 
excellent exercise capacity both on history and 
formal testing. 

This good exercise tolerance has several 
explanations. Firstly, children have healthy 
peripheral vessels, with high compliance, low 
resistance, and optimal myocardial/vascular 
coupling.” This may lower afterload, which 
has been shown to improve left ventricular 
remodelling and ejection fraction in adults after 
myocardial infarction.“ Second, the non- 
infarcted myocardium should be completely 
healthy in children. Third, respiratory 
efficiency and reserve provides for considerable 
exercise capacity in children, which would be 
better than respiratory reserve in adults with 
myocardial infarction, many of whom have 
smoked heavily. Fourth, evidence from 
survivors of anomalous left coronary artery 
suggested a considerable capacity for recovery 
of myocardial function in children after an 
ischaemic insult.Ü A combination of these 
factors may account for the observed cardio- 
vascular fitness of these children after myo- 
cardial infarction. 

In contrast with adult series there were no 
instances of late cardiac arrest or sudden death 
in our series. Studies of adults who leave 
hospital after a first myocardial infarction sug- 
gest a five year mortality of approximately 25% 
with over half of these deaths being sudden, *? *' 
and with many occurring in the first 12 months 
after infarction.“ 

The absence of sudden cardiac death in 
children after myocardial infarction in our 
series is difficult to explain. The young myocar- 
dium may be less prone to the development of 
re-entry circuits after infarction if there is less 
pre-existing disease of ventricular muscle. 
Furthermore, in infants and children good 
collateral blood flow in the myocardium might 
protect  peri-infarctional ischaemic areas. 
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Patients with Kawasaki disease may, however, 
prove to have poor coronary flow reserve 
because of coronary artery scarring.? 

In our series no children surviving myocar- 
dial infarction had frequent ventricular 
extrasystoles on 24 hour electrocardiogram 
recordings, including those with a left ven- 
tricular ejection fraction of < 40%. This places 
them in a low risk group for late ventricular 
arrhythmias. In adults with myocardial infarc- 
tion who survive long enough to be discharged 
from hospital 40-50% have frequent or multi- 
form ventricular extrasystoles on single 24 
hour electrocardiogram recordings in the 
months after myocardial infarction.” * 

We reviewed data on 17 cases of non- 
operative paediatric myocardial infarction over 
a 10 year period. Hight children died, most of 
them less than six months after diagnosis, and 
all had large left ventricular infarcts. There 
were no cases of sudden out-of-hospital death. 
Nine survivors are currently symptom free 
with good exercise tolerance and no or only 
minor abnormalities on 24 hour electrocar- 
diogram recordings. 
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Influence of physical exercise on serum digoxin 
concentration and heart rate in patients with atrial 


fibrillation 


Hans Erik Botker, Peter Toft, Niels Anders Klitgaard, Erik Efsen Simonsen 


Abstract 

Heart rate and serum digoxin concentra- 
tion in eight patients with atrial fibrilla- 
tion were studied at rest and during 
exercise when initial serum digoxin 
concentrations were zero and at low and 
high therapeutic values. Eight patients 
with ischaemic heart disease and in sinus 
rhythm were studied for comparison. 
Though the serum digoxin concentration 
decreased significantly during exercise, 
the absolute reduction in heart rate was 
the same at rest and during exercise in 
patients with atrial fibrillation. Com- 
pared with the control patients in sinus 
rhythm, the heart rate in patients with 
atrial fibrillation was not adequately con- 
trolled during exercise by any serum 
digoxin concentration tested despite a 
reduction in heart rate with increasing 
digoxin concentration. The effects of 
digoxin on heart rate regulation in atrial 
fibrillation are complex and include 
direct effects on the myocardium as well 
as indirect effects mediated by modula- 
tion of the autonomic nervous system; 
the present results indicate that the drug 
is not displaced from the target organs 
by decreasing serum concentrations 
during exercise. 

In atrial fibrillation, because the 
demands on the filter function of the 
atrioventricular node are highly 
unphysiological, the effect of digoxin on 
heart rate during exercise is not 
adequate. 


Digitalis is used to control the ventricular rate 
in patients with atrial fibrillation. Though it is 
effective at rest it may not prevent excessive 
mcreases in heart rate during exercise."? One 
possible explanation for this is that the 
pharmacokinetics of digoxin change during 
exercise. Serum  digoxin concentration 
decreased during exercise in several studies.*? 
This decrease has been shown to be related to 
an increased binding of digoxin to skeletal 
muscle during exercise. The mechanism 
underlying this finding probably involves an 
increased digoxin binding as a consequence of 
an increased Na-K ATPase activity.’ The 
digoxin concentration in cardiac muscle in 
patients with a high heart rate caused by atrial 
fibrillation was higher than in patients with a 
lower heart rate in sinus rhythm.? Because 
most of the digoxin is bound to skeletal 
muscle, a redistribution of digoxin during 
exercise might influence the amount of digoxin 


in other tissues. In fact a shift of digoxin from 
the erythrocytes to exercising skeletal muscle 
has been confirmed? Whether digoxin shifts 
from the target organs to the skeletal muscle 
during exercise is not known, and such a shift 
is not easy to measure directly in humans. We 
investigated the effect of digoxin on heart rate 
in patients with atrial fibrillation to see 
whether an exercise induced decrease in 
serum digoxin concentration was followed by 
an impaired heart rate reduction. 


Patients and methods 

We studied eight men (mean age 53-3 (27—61) 
years; weight 82:1 (67-101) kg) with atrial 
fibrillation. All had experienced atrial fibrilla- 
tion for at least six months. The aetiology of 
atrial fibrillation was ischaemic heart disease in 
five, previous cardiac constriction in one, and 
lone atrial fibrillation in two cases. Patients with 
clinical or echocardiographic features of valvar 
heart disease were excluded. None had clinical 
or radiological evidence of congestive heart 
failure. None had angina pectoris. All were 
normotensive, had normal results of thyroid 
function tests, and normal serum electrolyte 
concentrations. None was taking medication 
other than digoxin. 

For comparison we studied eight men (mean 
age 53-3 (39-62) years; weight 77:1 (65—90) kg) 
with ischaemic heart disease in sinus rhythm. 
The diagnosis of ischaemic heart disease was 
based upon previous myocardial infarction. 
None had clinical or radiological signs of 
congestive heart failure. None had angina pec- 
toris. All were normotensive and had normal 
thyroid function tests and serum electrolyte 
concentrations. No medication was given for 
one week before the study. 

Patients with atrial fibrillation performed 
three series of exercise tests at intervals of two 
weeks. The dosage of digoxin was varied in an 
attempt to obtain three different serum digoxin 
concentrations: zero and low and high within 
therapeutic range (0:6—2-6 ng/ml). Doses to be 
given to each patient were determined by 
reference to the patient’s maintenance dose and 
serum concentration before the trial. To 
control for the development of tolerance to the 
actions of digoxin during the study’ the 
order of treatments was randomised. Dose 
schedules were kept constant for at least 10 
days before each exercise test. Serum digoxin 
concentrations were analysed in triplicate with 
a commercial radioimmunoassay (Diagnostic 
Products). The coefficient of variation of the 
analysis was 2-8% at a mean value of 0-6 ng/ml 
and 2-0% at a mean value of 1:8 ng/ml. 
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Figure 1 Serum digoxin 
concentration (mean 
(SEM) ) (at high and low 
therapeutic 
concentrations) at rest and 


during exercise. 


Figure 2. Heart rates 
{mean (SEM) } at rest 
and during exercise in 
patients with atnal 
fibrillation at zero, low, 
and high digoxin 


concentration. Heart rates > 


from control patients 1n 
sinus rhythm are shown for 
comparison. 


Heart rate (beats/min) 
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Control patients in sinus rhythm performed 
one series of exercise tests. 

On each study day the patient did three 
bicycle tests at increasing workloads (25 W, 50 
W, and 75 W). Each exercise test lasted 20 
minutes and was followed by a one hour supine 
rest period. Blood samples were drawn and 
heart rates recorded every five minutes during 
the exercise periods and every 15 minutes 
during the resting periods. To take account of 
the considerable variation of heart rate in atrial 
fibrillation, heart rates were recorded over one 
minute at the end of each period. 

Analysis of variance with repeated measures 
was used to compare changes.in serum digoxin 
concentration at rest and during exercise. The 
changes in heart rate and blood pressure were 
analysed by two way analysis of variance, while 
the comparisons with the controls were 
evaluated by one way analysis of variance plus 


Dunnett’s test.” When p < 0-05 the difference 


was regarded as significant. 
The study was approved by the regional 
scientific ethics committee. 


Results 

SERUM DIGOXIN CONCENTRATIONS 

Figure 1 shows the mean (SEM) serum digoxin 
concentration during rest and during exercise. 
'The mean initial value was 0-87 (0-10) ng/ml at 
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low digoxin doses and 1-98 (0-22) ng/ml at high 
digoxin doses. In both groups serum digoxin 
concentration decreased significantly at each 
workload (p « 0-01) and returned almost to 
the initial value after an hour’s rest. The 
decrease in serum digoxin concentration 
depended on workload (p « 0-05) and was 
directly proportional to the initial serum 
digoxin concentration (r — 0-92, p « 0-01 at 
low digoxin concentration and r = 0-91, 
p < 0:01 at high digoxin concentration). 


HEART RATE DATA 

Figure 2 shows heart rates at rest and during 
exercise at zero, low, and high serum digoxin 
concentration in patients with atrial fibrillation 
compared with control patients in sinus 
rhythm. In patients with atrial fibrillation, 
ventricular rates at rest and at all levels of 
exercise decreased with each increment in 
digoxin concentration (p « 0:05), though no 
exact correlation between serum digoxin con- 
centration and heart rate reduction was shown. 
As indicated by the parallel course of heart rate 
curves from patients with atrial fibrillation (fig 
2) the absolute reduction in heart rate was 
similar at rest and during exercise. The patients 
with atrial fibrillation showed considerable 
variability in heart rate, but all patients 
retained their own characteristic rate pattern at 
various digoxin concentrations. Compared 
with the control group, however, only the heart 
rate at rest was sufficiently controlled whereas 
all levels of exercise caused a significant increase 
in heart rate (p < 0-05 at 25 W and 50 W, 
p < 0-01 at 75 W), presumably because of a 
greater susceptibility to physical activity in 
atrial fibrillation. Figure 2 shows the increase in 
heart rates with increasing workload and the 
lack of association with serum goxi concen- 
tration. 


LOG CONCENTRATION-RESPONSE RELATIONS 

Because the increase in heart rate and reduction 
in serum digoxin concentrations were both 
related to workload, iog concentration- 
response relations were evaluated at each work- 
load separately. We found no relation between 








Figure 3 Increase 1n heart rate (mean (SEM) ) from 
rest to 25 W, 50 W, and 75 W respectively in controls 
with sinus rhythm and in patients with atrial fibrillation 
at zero, low, and high digoxin concentration. AF, atrial 
fibrillation; SR, stnus rhythm. 
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Figure 4 Relation 


patients with atrial 
fibrillation at 25 W, 50 W, 
and 75 W exercise. 
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increase in heart rate and decrease in serum 


‘digoxin concentration (r = —0-30, NS at 


25 W,r = 0:25, NSat 50 W,andr = 0:35, NS 
at 75 W) (fig 4). 


HAEMODYNAMIC DATA 
Changes in mean blood pressure during exer- 
cise were not affected by digoxin. 


Discussion 

The results of the present study confirm the 
findings of previous studies'? that digoxin was 
not able to abolish the excessive increases in 
heart rate during exercise in atrial fibrillation. 
Our results also show that the increase in 
ventricular rate was greater in atrial fibrillation 
than in matched controls in sinus rhythm. The 
capacity of digoxin to reduce heart rate, 
however, did not decrease during exercise in 
atrial fibrillation. Mean heart rate decreased as 


'the digoxin concentration increased and the 


reduction in heart rate was of equal magnitude 
at rest and during exercise, indicating that the 
increase in heart rate with exercise is the same 
whether or not the patients are taking digoxin. 
Consequently, the inadequate control of exer- 
cise heart rate in digoxin treated atrial fibrilla- 
tion is rather due to the disease per se than to 
altered pharmacokinetics during exercise. 


ROLE OF THE ATRIOVENTRICULAR NODE IN 
ATRIAL FIBRILLATION 
The way in which the atrioventricular node 


scales the rapid atrial activity to a slower 
ventricular response in atrial fibrillation is con- 
troversial. The classic electrophysiological 
mechanism used to explain atrioventricular 
transmission includes a conduction of atrial 
excitation through the atrioventricular node to 
the His-Purkinje system and the ventricular 
myocardium. In normal sinus rhythm the 
atrioventricular node acts only as a delaying 
structure. The ventricular rate is directly 
related to the effect of stress on the firing 
frequency of the sinoatrial node and is not 
affected by autonomically induced changes in 
the atrioventricular nodal conduction. In atrial 
fibrillation the atrioventricular node is con- 
stantly bombarded by 400—600 impulses every 
minute. Thus atrioventricular nodal conduc- 
tivity becomes the only regulating mechanism 
capable of controlling the ventricular rate, and 
the node has the characteristics of a filter.! The 
ventricular rate in atrial fibrillation is the 


ultimate outcome of a complex interplay of 


several factors, which can be grouped into three 
major categories: (a) the nature of the electrical 
input into the atrioventricular node, that is, the 
number, irregularity, and direction of atrial 
impulses that bombard the approaches to the 
atrioventricular node; (5) the responsiveness of 
the atrioventricular nodal cells and the 
preservation of intranodal conduction; and (c) 


" the modulation of (a) and (b) by extracardiac 


factors such as sympathetic and parasympa- 
thetic influences and the effects of drugs. In 
stress or exercise, during which the sympa- 
thetic tone is increased and vagal tone 
decreased, atrioventricular nodal conduction is 
enhanced resulting in excessive impulse trans- 
mission and disproportionately high ven- 
tricular rates, far beyond the “normal” and 
expected acceleration. produced by similar 
stress and exercise in sinus rhythm. 

The action of the atrioventricular node 
as a pacemaker/oscillator  electrotonically 
modulated by atrial activity"? and also 
influenced by the autonomic nervous system!* ? 
has recently been proposed. Conclusive 
evidence in support of one specific mechanism 
in atrioventricular transmission has yet to be 
presented." Our study was not directed 
toward the solution of this problem and does 
not allow any conclusions on the mechanism(s). 
Our results could accord with both mechan- 
isms. However, until the contribution of auto- 
nomic influence on atrioventricular nodal 
pacemaker activity in the excessive increase in 


ventricular rate during exercise has been 
clarified, the atrioventricular nodal conduction 


theory offers a satisfactory explanation of the 
atrioventricular transmission. 


EFFECT OF DIGOXIN IN ATRIAL FIBRILLATION 
Digoxin decreases the ventricular rate in atrial 
fibrillation through two synergistic pharma- 


` €ological actions: (a) increase in the refractory 


period of the atrioventricular node and (b) 
decrease in the refractory period of the atrial 
myocardium. Both actions are mediated by 
direct effects on the myocardium and by 


‘indirect effects owing to a modification of both 


autonomic neural activity and the sensitivity of 


the heart to vagal and sympathetic neurotrans- 
mitters. ? A decrease in the refractory period 
of the atrial myocardium results in more atrial 
impulses reaching the atrioventricular junction 
in a given unit of time. More atrial impulses 
result in a greater degree of concealed conduc- 
tion? in the atrioventricular node and thus in a 
slower ventricular rate. The ventricular 
rhythm remains random during digitalis treat- 
ment.’ 

Our results show that digoxin is capable of 
exerting the same effect (evaluated as a reduc- 
tion in heart rate in absolute terms) at rest and 
during exercise. At rest an adequate reduction 
in heart rate is achieved. During exercise, 
however, vagal tone decreases and sympathetic 
tone increases; this overrides the effects of 
digoxin. 


RELATION BETWEEN SERUM DIGOXIN 
CONCENTRATION AND VENTRICULAR RATE 
RESPONSE 

Several studies have shown a correlation be- 
tween serum digoxin and the myocardial con- 
centration of the drug? Further, the 
myocardial uptake is related to the beating 
frequency of the heart.? ??* In keeping with this 
the atrial concentration of digoxin was higher 
in patients in atrial fibrillation than in patients 
in sinus rhythm.* The relation between serum 
and atrial concentrations is linear in patients in 
sinus rhythm but not in those in atrial fibrilla- 
tion.* Because of the various effects of digoxin 
the use of serum digoxin concentration in 
clinical practice must be based on the assump- 
tion that it reflects the degree of digitalisation of 
the patient and not only the relation between 
serum and the myocardium. The correlation 
between serum digoxin concentration and 
heart rate response is not exact.” ”% None the 
less, mean falls in heart rate with increasing 
digoxin concentration suggest that serum 
digoxin concentration reflects the concentration 
at target organs. 

The results from the present study reflect the 
combined effects of digoxin and do not allow us 
to distinguish between the direct and indirect 
effects. The direct effect of digoxin may be 
unchanged because the tendency for the 
myocardial digoxin concentration to decrease is 
offset by a concomitant increase in myocardial 
binding of digoxin as a secondary effect of the 
increased heart rate." 

The indirect actions of digoxin are very 
complex and. not well understood. These 
actions take place in the myocardium as well as 
in the central nervous system, the peripheral 
autonomic ganglia and nerves, the arterial 
baroreceptors, and in the carotid sinus nerves. 
Furthermore, several if not all of the mechan- 
isms just mentioned are influenced by changes 
in the heart and circulation that modify input to 
the autonomic nervous system. We cannot rule 
out the influence of the decreased serum digoxin 
concentration during exercise on the indirect 
effects. If there is such an influence, several 
mechanisms may counteract the decreased 
indirect effect on heart rate reduction. It is 
impossible to.unravel every aspect of the effect 
of digoxin on heart rate. 


Betker, Toft, Klitgaard, Simonsen 


CLINICAL IMPLICATIONS 

The results of the present study explain some 
of the difficulties associated with the use of 
serum digoxin as a guide for digoxin treatment 
and its failure to prevent toxic reactions in 
patients." Because serum digoxin is affected not 
only by exercise but also by everyday physical 
activity??? we recommend a standard rest 
period before blood sampling. 

Our results indicate that the decrease in 
serum digoxin during exercise is of minor 
clinical importance in terms of heart rate 
regulation. The excessive increase in heart rate 
during exercise in atrial fibrillation reflects the 
nature of the disease. 

Though an increased dose of digoxin would 
be of benefit even during exercise” it would 
cause only a slight improvement and increase 
the risk of digitalis toxicity." To ensure the 
best possible effect and avoid reaching a toxic 
concentration the dose of digoxin is adjusted 
according to the heart rate response and serum 
concentration at rest. In patients with excessive 
increases in heart rate during exercise, digoxin 
alone cannot be expected to give an adequate 
reduction during exercise. Treatment with a 
calcium channel blocker ensures a better heart 
rate regulation both at rest and during exercise 
in patients with chronic atrial fibrillation.’ ^? 
Unfortunately, the superior control of exercise 
heart rate achieved with these agents is not 
associated with improved exercise endurance 
or “well-being” scores.” Further side effects 
are more common with calctum channel block- 
ers in the doses needed than with digoxin or the 
combination of calcium channel blockers and 
digoxin.” ? Previous studies of the association 
between heart rate reduction and exercise 
capacity and symptomatic improvement dur- 
ing treatment with the combination of digoxin 
and either a calcium channel blocker or a f 
blocker have shown conflicting results; it is still 
not known whether a further reduction of heart 
rate during exercise is of any benefit.” ”? When 
digoxin alone does not give an adequate re- 
sponse, we prefer the addition of a drug with an 
alternative mode of action such as a calcium 
channel blocker or a f blocker so that there is no 
need to approach the threshold of toxicity. 
Digoxin is not ideal but it is still a mainstay in 
the treatment of sustained atrial fibrillation. 
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Jugular venous ‘a’ wave in dilated 
cardiomyopathy: sign of abbreviated right 


ventricular filling time 


CH Lee, H B Xiao, D G Gibson 


Abstract 

Objective—To study the mechanisms 
underlying the high venous pressure 
often seen in patients with dilated car- 
diomyopathy. 

Design—Retrospective and prospec- 
tive examination of the pattern of flow in 
the superior vena cava, cardiac echo- 
Doppler studies, and recordings of the 
jugular venous pulse. 

Setting—A tertiary referral cardiac 
centre. 

Patient participants—23 patients with 
dilated cardiomyopathy, all with func- 
tional mitral and tricuspid regurgita- 
tion. 

Results—Two patterns of venous pulse 
were seen: a dominant ‘a’ wave and ‘x’ 
descent, with systolic flow in the superior 
vena cava (group 1, n — 11) and a 
dominant ‘v’ wave with ‘y’ descent and 
diastolic flow in the superior vena cava 
(group 2, n — 12). A comparison of group 
1 and group 2 showed: age (mean (SD)) 
58 (12) v 61 (6) years, left ventricular end 
diastolic dimension 7:0 (0-7) cm in both 
groups, right ventricular short axis 3:3 
(0:6) v 3:6 (0-5) cm and long axis 7:3 (0:5) 
v 7:1 (0:7) cm, and duration of tricuspid 
regurgitation 350 (65) v 370 (50) ms. The 
RR interval (550 (100) v 680 (80) ms) and 
right ventricular filling time (150 (30) v 
290 (50) ms) were significantly shorter in 
group 1. In all patients in group 2 right 
ventricular filling time was more than 
200 ms with separate E and A waves on 
the tricuspid Doppler echocardiogram, 
while in all group 1 patents it was less 
than 200 ms with a single summation 
peak. In nine patients in group 1, the 
right ventricular filling time was limited 
by prolonged tricuspid regurgitation and 
in the remaining two by prolonged 
isovolumic relaxation time (215 (80) ms), 
so that it was consistently significantly 
less than that of the left ventricle. 

Conclusion—In patients with dilated 
cardiomyopathy, right ventricular filling 
time may be so short that it limits stroke 
volume. Such patients can be recognised 
by a dominant ‘a’ wave on the jugular 
venous pulse. Patients in whom the right 
ventricular filling time was longer 
showed a dominant ‘v’ wave. Both 
groups can present as “congestive heart 
failure". 


The jugular venous pressure is often raised in 
patients with dilated cardiomyopathy and this 
is taken to be a sign of "congestive heart 
failure".! We found that the characteristics of 
the venous pulse in these patients varied con- 
siderably from patient to patient. In par- 
ticular, we have been struck by how fre- 
quently a dominant ‘a’ wave can occur in the 
absence of severe pulmonary hypertension or 
organic tricuspid valve disease. Because a 
dominant ‘a’ wave seems to reflect a specific 
disturbance of right ventricular filling and 
because its recognition may well modify treat- 
ment we examined its underlying mechanism 
in more detail. 


Patients and methods 

STUDY POPULATION 

We studied 23 patients (18 men and five 
women, aged 43-84) with dilated cardio- 
myopathy (defined as a left ventricular end 
diastolic dimension 6:5 cm and fractional 
shortening less than 20%). All the patients 
were in sinus rhythm and had a raised jugular 
venous pressure. They were selected only in 
so far as they fulfilled these criteria and had 
technically satisfactory records. 


M MODE AND CROSS SECTIONAL 
ECHOCARDIOGRAPHY 

M. mode echograms of the mitral valve and 
left ventricle were recorded with a 3:0 MHz 
transducer and ATL Imager Mk 300I. The 
left parasternal long axis view was used with 
the patient in the left lateral position. 

Phonocardiograms and electrocardiograms 
were recorded simultaneously on a Honeywell 
recorder at a paper speed of 10 cm/s. The 
internal dimension of the left ventricle was 
measured at end diastole (that is at the onset 
of QRS complex on the electrocardiogram) 
and at end systole (at aortic closure) by the 
leading edge method. 

The right ventricle was measured from end 
diastolic frames of the apical four chamber 
view. The short axis was measured trans- 
versely at the tip of the tricuspid valve leaflets 
and the long axis from the central point of the 
tricuspid annulus to the apex. 


DOPPLER ECHOCARDIOGRAPHY 

Doppler recordings were made with Doptek 
equipment and a 2-0 MHz transducer. Regur- 
gitant flow across the tricuspid and mitral 


valves was recorded from the apex, whereas 
flow in the superior vena cava was measured 
from the right supraclavicular fossa. Simul- 
taneous  phonocardiograms and  electro- 
cardiograms were again recorded. The dura- 
tions of mitral and tricuspid regurgitation 
were measured for each patient and the 
interval between two successive regurgitant 
signals was taken to be the filing time. 
Measurements were made on three cardiac 
cycles and the mean value obtained. The flow 
pattern in the superior vena cava was 
individually analysed in conjunction with the 
jugular venous pulse tracings. 


JUGULAR VENOUS PULSE RECORDING 

This was recorded with the patient in a 
semirecumbent position. À pressure trans- 
ducer with a time constant of 4 seconds was 
used in this study. Simultaneous phono- 
cardiograms and electrocardiograms were 
recorded. Where possible, the jugular venous 
pulse traces were superimposed on the Dop- 
pler display of flow in the superior vena cava. 
In patients with a dominant ‘v’ wave, the 
increase in the venous pulse above its mini- 
mum value was measured at end diastole and 
expressed as a percentage of the overall excur- 
sion during the cardiac cycle. 


STATISTICAL ANALYSIS 

Values are given as mean (SD). Differences 
between mean values were compared by 
Student's t test. 


Results 

JUGULAR VENOUS PULSE AND FLOW IN THE 
SUPERIOR VENA CAVA 

We saw two patterns of venous pulse and flow in 
the superior vena cava: patients in group 1 
(n = 11) had a dominant ‘a’ wave and ‘x’ 
descent on the jugular venous pulse (fig 1A) and 
systolic flow in the superior vena cava (fig 1B) 
whereas those in group 2 (n — 12) had a 
dominant jugular venous ‘v’ wave and 'y' 
descent (fig 2A) and diastolic flow in the superior 
vena cava (fig 2B). In group 2 the venous 
pressure rose mainly in diastole (83 (38)% of 
total excursion) in 10 of the 12 patients, and in 
the other two, the dominant increase was in 
systole. 


CHARACTERISTICS OF PATIENTS ACCORDING TO 
VENOUS PULSE PATTERN (TABLE) 
Age, left ventricular end diastolic dimension, 
ejection fraction, right ventricle to right atrium 
pressure drop, right ventricular short and long 
axes, and the duration of tricuspid regurgita- 
tion were similar in the two groups of patients. 
The RR interval and right ventricular filling 
time were, however, shorter in group 1 patients 
(p <0-01). In all group 2 patients right ven- 
tricular filling time was > 200 ms, with E and A 
waves visible on the transtricuspid Doppler 
flow; whereas all group 1 patients had a right 
ventricular filling time shorter than 200 ms and 
a single summation peak on the tricuspid 
Doppler flow (fig 3A). Unlike the filling time, 
there was considerable overlap of RR intervals 
measured in group 1 and group 2) (group 1, 
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Figure 1 (A) Jugular venous pulse from a patient with 
elated cardiomyopathy showing a dominant ' a’ wave and 
‘x° descent. Note absence of ‘Y wave and ‘y’ descent. A 
simultaneous phonocardiogram was Epiat (B) 
Simultaneous phonocardiogram and pulsed Doppler 
recording of flow velocity 1n the superior vena cava of the 
same patient. Downward flow towards the right atrium 
occurred only during ventricular systole. No flow was 
recorded after the second heart sound. ( Doppler full scale 
deflection 1s 2 kHz.) 


400—690 ms; group 2, 590-820 ms), and by 
itself the RR interval did not clearly distinguish 
them. 

The right ventricular filling time was limited 
by prolonged tricuspid regurgitation in nine of 
the 11 patients in group 1 (fig 3B). In the other 
two patients, filling time was short because the 
onset of forward flow was delayed (by 55 and 
110 ms) after the end of tricuspid regurgita- 
tion. 


COMPARISON BETWEEN RIGHT AND LEFT SIDED 
FILLING CHARACTERISTICS (TABLE) 

In both groups of patients tricuspid regurgita- 
tion lasted longer than mitral regurgitation. 
Correspondingly, the right ventricular filling 
time was significantly shorter than that of the 
left ventricle in both groups of patients (group 
1, 150 (30) v 215 (80) ms; group 2, 290 (50) v 
335 (60) ms, p < 0-05). 


Discussion 

A dominant ‘a’ wave in the venous pulse is a 
striking physical sign and always needs to be 
explained. We found it in half of our patients 
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Figure 2. (A) Jugular 
venous pulse from another 
panent with dilated — 
cardiomyopathy showing a 
dominant ‘v’ wave and ‘y’ 
descent. There was no 
clearly defined ‘a’ wave or 
*x' descent. (B) Pulsed 
Doppler recording of flow 
velocity tn the supertor 
vena cava in the same 
patient. Downward flow 
was almost exclustvely 
diastolic and followed the 
second heart sound on the 
stmultaneous 
phonocardiogram. The 
third heart sound 
corresponded to the nadir 
of the flow velocity signal. 
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with dilated cardiomyopathy with a raised 
venous pressure. It seemed surprisingly com- 
mon in view of how little it has been written 
about. Though this physical sign was well 
known to Mackenzie,’ it has been overlooked 
and knowledge of it subsequently lost. It is not 
mentioned, for example, in any of the standard 
textbooks of cardiology.** 

Patients with a dominant ‘a’ wave and with- 
out were indistinguishable in terms of age, left 
and right ventricular cavity size, or right ven- 
tricle to right atrium pressure drop as measured 
by continuous wave Doppler. There were two 
major differences: heart rate was higher (109 as 
against 88 beats per minute) and in particular 
there was no overlap in right ventricular filling 
time between the two groups, the mean being 
150 ms in those with dominant 'a' wave and 
290 ms in those without. At a rapid heart rate, 
right ventricular filling time was limited in most 
patients by the tricuspid regurgitation. -For- 
ward flow could not start until the end of the 
regurgitation, and it was terminated either by 
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the succeeding ventricular systole or (in three 
patients) prematurely by the onset of diastolic 
tricuspid regurgitation associated with a 
prolonged PR interval: The right ventricular 
filling time was thus.shortened and its onset 
delayed until after the P wave of the succeeding 
beat. Early diastolic and atrial flow were thus 
superimposed (“‘summated’’) to .give-a single, 
short: pulse across the tricuspid valve. The 
venous pulse might therefore be described in 
the same way, although:its timing and duration 
were characteristic of an ‘a’ wave. 

We have previously described shortened 
filling time in patients with dilated car- 
diomyopathy of the left side of the heart.’ In 
patients with functional mitral regurgitation 
the time available for forward -flow is signifi- 
cantly less than that predicted from the period 
that the mitral valve cusps are separated and is 
limited to the interval between the pulses of 
regurgitation. The overall duration of the 
regurgitation varies little with -heart rate, so 
that as RR interval falls, filling time becomes 
disproportionately shortened. When filling 
time drops below 200 ms the pattern of the flow 
velocity curve changes; separate H and A waves 
are lost and replaced by a single peak, often 
accompanied by a summation sound. The short 
time available for filling thus seerns to limit 
stroke volume, suggesting an analogy with 
mitral stenosis, though on a temporal rather 
than a spatial basis. The same mechanisms 
seemed to be present in our patients on the 
right side of the heart. In patients with a 
dominant ‘a’ wave, filling time was again less 
than 200 ms, raising the obvious analogy with 
temporal tricuspid stenosis. Gibson and Wood 
comprehensively described the physical signs 
of rheumatic tricuspid stenosis.* They pointed 
out that in such patients a-clinical diagnosis 
could be confidently based on a dominant ‘a’ 
wave in the venous pulse and the absence of a 
deep ‘y’ trough or physical signs- of severe 


' pulmonary hypertension. These signs are strik- 


ingly similar to those found in our patients with 
dilated cardiomyopathy and they extend the 
analogy between temporal and spatial atrioven- 
tricular valve stenosis. 

"Several other possible mechanisms might 
have caused the ‘a’ wave in our patients. The 
size of the right ventricular cavity was similar in 
the two groups of patients. The systolic pres- 
sure drop from right ventricle to right atrium 
was virtually identical irrespective of the pat- 


Jugular venous pulse patterns and associated features (mean ( SD)) 


) 
Left ventricular end diastolic dimension (cm) 
Right ventricular short axis (cm) 
Right ventricular long axis (cm) 
Left ventricular end systolic dimension (cm) 


Duration of mitral regurgitation (ms) 
Left ventricular filling time (ms) 


Group 1 Group 2 
1 ‘a wave Dominant ‘vo’ wave 
(n — 11) (n œ 12) p Values 
58 "m. 61 (6) NS 
550 (100) 680 (80) «0-01 
70 " 7) 7 0(0 7) NS 
3-3 (0*6) 3 6 (0 5) NS 
7:3 (0 71(0 NS 
63(08 60(07 NS 
12 (5-4) 14(39) NS 
(5) 30 (5) NS 
350 (65) 370 (50 NS 
150 (30) 290 Go) - «001 
(40 340 (30 NS 
215 (80) 335 (60) «001 
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Figure 3 ( A) Pulsed 
Doppler recording of 


forward tricuspid flow 


time was reduced to 80 ms 
and occurred exclusively 
after the P wave of the 
succeeding beat. ( Doppler 
full scale is 


4 kHz.) (B)-Continuous 
wave Doppler recording 
regurgitation signal from 
Ihe same patient. PR 
interval was prolonged and 
the onset of the 
regurgitation was 
presystolic. The interval 
between the pulses of , 


regurgitation corresponded ` 


to the short right 
ventricular filling time. 
(Doppler full scale 
deflection ts 16 kHz.) 
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tern of the venous pulse. This shows that the 
severity of pulmonary hypertension did not 
account for. the dominant ‘a’ wave. Right 
ventricular diastolic function might have been 
impaired by primary disease or as the result of 
Bernheim effect from the left ventricle? In 


- patients whose heart rates were slower this 


dysfunction manifested itself in the character- 
istic way as a deep ‘y’ descent and dominant 
increase in venous pressure during diastole. A 


‘pressure increase that occurred predominantly 


during systole, as would be expected if tricus- 
pid regurgitation were the mechanism, was 
much less frequent. This makes it unlikely that 
the tricuspid 
dynamically significant or that differences in the 
severity of regurgitation explained our findings. 
We conclude, therefore, that a dominant ‘a’ 
wave in the venous pulse in patients with 
dilated cardiomyopathy is not caused by 
primary right ventricular diséase, severe pul- 
monary hypertension, or impaired diastolic 
function as the result of left side involvement, 
but is the direct effect of the limited time 
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regurgitation was haemo- ' 


available for tricuspid inflow. “Temporal 
tricuspid stenosis" was therefore present in 
about half of our patients. 

When the venous pressure is raised in 
patients with dilated cardiomyopathy, they are 
often said to be in "congestive heart failure". 
Though the term has never been adequately 
defined, heart failure is usually regarded as an 
undesirable state of affairs that should be 
treated. The standard treatment for a raised 
venous pressure is to administer diuretics until 
it falls. When filling time is limited, a normal 
stroke volume can only enter the ventricle if 
mean flow rate is increased; this requires an 
increase in acceleration rate at the start of filling 
and deceleration rate at its end. Such velocity 
changes require corresponding pressure 
gradients along the direction of flow of 
approximately 1 mm Hg/cm for each 1g of 
acceleration. The pressure wave recorded in 
the venous pulse directly reflects the pressure 
changes across the valve that make this rapid 
filing possible. To lower venous pressure 
would thus be to remove a potential compen- 
satory mechanism. It seems better either to 
reduce the duration of the tricuspid regurgita- 
tion or to lower the heart rate, both. of which 
would increase filling time. This approach to 
treatment is quite different from that to be 
adopted if the venous pressure is raised by 
functional tricuspid regurgitation or reduced 
ventricular compliance. Our results show yet 
again that many different pathological mechan- 
isms may be responsible for “heart failure"—a 
clinical diagnosis that is imprecise. It is quite 
possible with simple clinical skills to recognise 
the disturbance we have described and it can 
readily be confirmed non-invasively. More 


' effective treatment is then likely to follow from 


more precise diagnosis. 


HBX is supported by the Brompton Hospital Special Cardiac 
Fund. 
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Balloon dilatation of restrictive interatrial 
communications in congenital heart disease 


S A Webber, J A G Culham, GG S Sandor, M W H Patterson 


Abstract 

An adequate interatrial communication 
is necessary for survival in several forms 
of congenital heart ,.disease. Three 
children are presented in whom blade 
atrial septostomy proved either tech- 
nically impossible or failed to achieve 
adequate interatrial communication. In 
all three an adequate communication 
was obtained by a balloon dilatation 
technique similar to that used for 
pulmonary valve dilatation. In one 
critically ill infant with mitral atresia 
the procedure was life saving. 


The survival of infants with certain congenital 


. cardiac defects depends on the presence of an 


adequate interatrial communication. Such a 
communication is usually present at birth, but 
will often become restrictive with increasing 
age and an adequate communication will then 
have to be made. The Rashkind balloon sep- 
tostomy procedure is usually successful in 
neonates,’ but is often ineffective after the 
neonatal period because the thickened atrial 
septum is less liable to tear. The development 
of the Park blade septostomy catheter means 
that surgical atrial septectomy can now be 
avoided in many of these patients.” However, 
blade septostomy may prove technically 
impossible or result in an inadequate com- 
munication. In addition, not all cardiologists 


are familiar with this technique. In three , 


children we used a balloon dilatation 
procedure of the atrial septum similar to that 
performed for pulmonary valve dilatation. 


Patients and methods 

The table shows the patients’ details. Patient 1 
had pulmonary atresia with an intact inter- 
ventricular septum and a hypoplastic tricuspid 
valve. When he was two and a half progressive 
hepatic congestion due to a restrictive 
interatrial communication developed. Blade 
atrial septostomy was attempted then and again 
six months later. This was performed in the 
standard manner? and without complication, 
but resulted in minimal change in atrial 
pressures. 

Patient 2 presented with central cyanosis, 
circulatory collapse, and severe respiratory 
distress when he was eight weeks old. The 
arterial pH was 7-0. After vigorous resuscita- 
tion an echocardiogram showed a univen- 
tricular heart of right ventricular morphology, 
mitral atresia, double outlet right ventricle, and 


a severely restrictive interatrial communication 
with thickened interatrial septum. He was 
transferred to the cardiac catheterisation 
laboratory so that an adequate interatrial com- 
munication could be created. Because of the 
patient's age and thickening of the interatrial 
septum a Rashkind balloon septostomy was not 
attempted. It proved impossible to manipulate 
a Park blade septostomy catheter through the 
restrictive foramen ovale to the small left 
atrium. However, a 4 French multipurpose 
catheter and guide wire could be passed to the 
left atrium with ease. It was, therefore, decided 
to perform balloon atrial septal dilatation 
rather than introduce the Park blade catheter 
by transseptal puncture. 

Patient 3 had been followed since birth with a 
diagnosis of double outlet right ventricle 
and a subpulmonary ventricular septal defect. 
Pulmonary artery banding was performed 
when he was six weeks old. He did well until he 
was one year old when he began to tire very 
easily. Though only modest central cyanosis 
was noted at rest, crying or exertion caused 
considerable cyanosis. Echocardiography 
showed only a small atrial septal defect with left 
to right bowing of the atrial septum. We 
thought that his symptoms were in part due to 
poor interatrial mixing and might be improved 
by enlargement of the interatrial communica- 
tion. Blade septostomy was performed in the 
usual manner without technical difficulty, 
but because it did not significantly change 
atrial pressures we attempted balloon atrial 
septostomy. 


PROCEDURE (FIGS 1 AND 2) 

A similar procedure was performed in all three 
patients. Patient 2 was artificially ventilated 
because of his critical condition; the other two 
were given intravenous sedation and were 
breathing spontaneously. After percutaneous 
catheterisation of the right femoral vein, right 
and transseptal left atrial pressures and satura- 
tions were measured with a size 4 or 5 French 
multipurpose catheter. With the catheter in the 
left atrium, the catheter was exchanged for a 
0-035 or 0-038 inch guide wire over which a 
balloon dilatation catheter was passed (Medi- 
tech UT or DC series). The table shows the 
catheter and balloon sizes used. In each case, 
the mid-portion of the balloon was positioned 
at the atrial septal defect by fluoroscopy and 
cross sectional echocardiographic guidance. All 
procedures were performed with a standard 
length (3 cm) balloon. This provided sufficient 
balloon length for stabilisation of the balloon, 
without placement of the proximal or distal 
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Patient characteristics and results of balloon dilatation of the atrial septum* 








Haemodynamic data 





Previous 


seprostomy 


> 91 
Balloon 


length) catheter size 


diameter 





Patient lg Diagnosis 

l ) vr PA, IVS 

2 8 wk MA, DORV, 
IVS 

) | vr DORV, 
PAB, 
spVSD 





Pre-dilatation 





RBS 2 davs. I8 mm x 30mm 9 


RA 14mm Hg, LA 5 


RA 10 mn 
mm He; sat LA Ri 


PBS 2:5 French mm Hg; sat LA 91". 
and 3 yr 
Nil 8 mm 30 mm. 5 RA 4 mm Hg, L.A 32 RA 4 mm Hg 
French mm Hg; sat RA mm Hg; sat I 
31%, RV 40%, LA 64%, RV 8 
O99", OR" 
PBS 1 vr 15 mm 30 mm. 9 RA 2mm Hg, LA 10 RA 3mm Hg, I 


French; 20 mm x 30 
mm 9 French 
81% 


mm Hg; sat RA 
54%, LA 97%, 


mm Hg; sat RA 
62", Lé 


RO o 


Ao 


*Patients 1 and 3 were breathing spontaneously in air and patient 2 was artificially ventilated in 90% oxygen 


Ao, aorta; BHS, Blalock-Hanlon septectomy; DORV, double outlet right ventricle; IVS, intact ventricular 


septum; LA 


pulmonary atresia; PAB, pulmonary artery band; PBS, Park blade septostomy; RA, right atrium; RBS, Rashkind ball 
spVSD, subpulmonary ventricular septal defect 


Figure 1 Cross sectional 
echocardiogram from 
patient 3. Subcostal view 
showing balloon positioned 
across the atrial septal 
defect during full inflation. 
Guide wire was visible 
within the left ventricle. 
Atrial septum was 
adjacent to the mid portion 
of the balloon ( arrowe« 
and no waist was evident. 
GW, guide wire; LA, left 
atrium; LV, left ventricle; 
RA, right atrium; RV, 
right ventricle. 


Figure 2 Subcostal cross 
sectional echocardio- 
graphic images of patient 2 
before (A) and after (| B) 
balloon dilatation. (A 
Before dilatation the 
septum was tense and 
bowed to the right. After 
dilatation ( B) the atrial 
septum was no longer 
bowed and a central defect 
with a diameter of about 8 
mm had been created. LA, 
left atrium; R A, right 
atrium; RV, right 
ventricle. 





portion of the balloon in the inferior vena cava, 
pulmonary vein, or across the left atrio- 
ventricular valve. When a satisfactory position 
had been obtained, the balloon was inflated to 
its maximum size with inflation pressures about 
equal to the manufacturer's maximum recom- 
mendedinflation pressure. Deflation wasstarted 
as soon as the maximum balloon diameter was 
obtained and the waist disappeared. Each 
balloon was inflated three times. In patient 3, 
the initial inflation of the balloon resulted in 
stripping of the atrial septum distally along the 
balloon, rather than a local dilatation and tear 








the septum. When the g 
balloon were repositioned mori 
tion of the atrial septal defect 

Atrial pressures 
remeasured after the three 


of 


and Sal 


Results 
The table shows the effect of b: 
on atrial pressures. In p 
resulted in equalisation of p 
atrial pressures with resolutio: 
gestion. Echocardiography co 
atrial septum was no longer bov 
atrial septal defect was enlarg: 
well three years after the pi 
awaiting correction by a Font 
The second patient, who wa 
at presentation, showed the 
improvement after dilatation 
atrial pressure was considerably 
32 mm Hg to 12 mm Hg, thoug 


interatrial gradient persisted. Sa 


systemic ventricle increased fr 
and his acidosis rapidly resolved 
extubated within 24 hours of 
The persistence of a gradient b 
atria suggested that palliatior 
temporary. He remained well fi 
before signs of left atrial h 
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curred.. When. he was four months- old a - of the atrial septum beyond the fossa ovalis and 


^Blaleck-Hanlon atrial -septectomy -was - per- 


formed.at the time of pulmonary artery band- 


ing. 

‘In-the third patient with double outlet right 
ventricle and subpulmonary ventricular septal 
defect:with a pulmonary artery band, the initial 
dilatation with a 15 mm balloon had no effect on 
the atrial pressures. However, after dilatation 
with a 20 mm balloon the mean atrial-pressure 
gradient was reduced from 8 to 2-mm Hg. His 


maximunrresting aortic saturation rose from- . 


81% to 89% and his parents reported that his 
exercise tolerance and.rate of growth ‘had 
increased.- An arterial switch procedure -and 
closure of the ventricular septal defect were 
successful-two years later when he was three 
years old.-At operation the persistence of an 
interatrial communication was confirmed. The 
defect was.approximately 1 cm in diameter and 
was.situated within the fossa.ovalis, with no 
evidence of tears extending beyond its rim. 


Discussion 

Individuals. with some -forms of congenital 
heart -disease require an adequate interatrial 
communication for survival. The development 
of the Rashkind balloon septostomy procedure 
revolutionised -the management of trans- 
position of the great arteries in the-neonatal 
period.! Other lesions, however, such as right 
or left atrioventricular valve atresia, frequently 
present after the neonatal period when balloon 
septostomy may be unsuccessful: because of 
thickening of_the atrial septum. Furthermore, 
even when balloon septostomy- has been per- 
formed in the neonatal period, «progressive 
restriction of the interatrial communication 
often develops.) For many years such patients 
have been palliated either surgically (with:the 
Blalock-Hanlon atrial septectomy) or by Park's 
blade septostomy procedure in the cardiac 
catheterisation: laboratory.^: Both techniques 
sometimes do not achieve an adequate inter- 
atrial communication in the long. term.’ 
Furthermore, not all paediatric cardiologists 
are familiar with the technique of. blade 
septostomy and it can be difficult .or even 
hazardous to introduce a blade catheter into a 
small left atrium. Anaesthesia for surgical sep- 
tectomy may also be quite hazardous in some 
extremely sick infants such as our second 
patient. The three cases presented show that 
balloon dilatation of the atrial septum may be 
an alternative technique for creating a large 
interatrial communication. 

Experience: with balloon dilatation of, the 
atrial septum is limited,*" and we do not know 
how its safety and efficacy compare with blade 
septostomy. In our youngest patient the dilata- 
tion procedure was initially highly successful in 
restoring cardiac output and adequate systemic 
saturations, but palliation was only sustained 
for two months. It is not known whether a 
procedure with larger balloons would have 
resulted in longer palliation. Certainly, the 
risks of the procedure, such as excessive tearing 


damage to the femoral vessels, will be increased 
if large balloons:are used in small infants. The 
.only technical difficulty with the procedure that 
we have.so.far experienced was that of distal 
stripping ofthe atrial septum along the balloon 


-in:patient-3. If the:procedure was performed 


solely-under fluoroscopic: guidance this strip- 


- ping might go unnoticed because the-position 
-Of the balloon might appear to be satisfactory. 


For this reason cross sectional echocardio- 
graphic monitoring: should.be an integral part 
of-this procedure. 

Experimental studies in animals showed that 
stationary balloon. dilatation of the atrial 


-septum produced atrial septal defects within 
-the fossa ovalis without causing tears that 


extended into the adjacent atrial septum.* In 
1987 a successful bálloon dilatation procedure 
of the.atrial:septum was reported in an infant 
with transposition of the great arteries.’ 


--Recently-a young adult with primary pulmon- 


ary hypertension was -palliated by. a similar 


- procedure with a 12 mm x -40 mm balloon 


catheter .after. transseptal puncture with a 
Brockenbrough -needlė. ‘Finally, the recent 
follow up report of the-Valvuloplasty and 
Angioplasty of Congenital Anomalies Registry 
outlined -the results of a. number of miscel- 
laneous -interventional catheterisation pro- 
cedures from several centres.’ In this review 
balloon atrial septal dilatation: was. reported:in 
three infants with hypoplastic left heart syn- 
drome. All three procedures were successful in 
the short term. One patient had ''massive 
internal bleeding"; no specific details were 


. given. 


`- We showeéd.that balloon dilatation enlarged 


-the atrial septal:defect in three children with 


differing congenital cardiac defects. Further 
reports df clinical experience are needed to 
establish the-role of this procedure in relation to 
blade septostomy and surgical septectomy. 
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Addendum 


Since this paper was accepted three further 


procedures have:been successfully performed: 
two in infants and one in a 17 year old boy with 
severe primary pulmonary hypertension. 
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Successful intracardiac electrical.conversion of 
atrial flutter in patients with complex congenital 


heart disease 


David Cunningham, Jane Somerville, John A Kennedy, Edward Rowland, 


Anthony F Rickards 


Abstract 
Sixteen patients presenting on 21 
occasions with atrial flutter in association 
with complex congenital heart disease 
were treated. by intracardiac stimulation 
techniques combined . with activation 
mapping. Nineteen episodes of atrial 
flutter were successfully converted to 
sinus rhythm. Ín the remaining two 
episodes atrial fibrillation was induced 
with spontaneous- conversion to sinus 
rhythm within 12 hours in one episode 
and immediate DC cardioversion to 
sinus rhythm in the other. Intracardiac 
stimulation techniques were highly 
successful in this group and allowed 
reliable conversion to sinus rhythm 
without general anaesthesia and high 
energy cardioversion. In patients with 
atrial flutter associated with congenital 
heart disease intracardiac stimulation 
techniques should be tried first. 


Atrial flutter is common after: surgical repair 
of complex congenital cardiac malformations 
and it.can have profound haemodynamic 
consequences, particularly when ventricular 


function is impaired. Both drug treatment and - 


external cardioversion with.high energy DC 
shock have disadvantages." ? 

Pharmacological agents can either allow the 
ventricular response to be- controlled. or may 
achieve chemical conversion to sinus rhythm. 
The -conversion rate is low in these patients 
with congenital heart disease and residual 
lesions, especially when flutter has -been 
present for a long time. 


Even when the ventricular rate is controlled’ 


the circulation still lacks the atrial contribu- 
tion to cardiac output-and this may predispose 
the patients to worsening -of atrioventricular 


valve regurgitation, particularly in hearts-with- 


one functioning -ventricle, deteriorating right 
ventricular function in transposition of the 
great arteries, or in tetralogy of Fallot -with 
pulmonary regurgitation. In general, the sym- 
ptoms get worse when atrial flutter becomes 
established. 

External DC cardioversion is- effective in 
restoring. sinus rhythm- but it requires a 
general anaesthetic and the ventricular myo- 
cardium is liable to be damaged if repeated 
cardioversions -are necessary. So it may be 
better to avoid cardioversion in a young 
patient with an abnormal ventricle. An alter- 
native approach is.to use intracardiac stimula- 


tion techniques to restore sinus rhythm 
Rapid overdrive pacing*” and long duration 
single pulses (“‘atrioversion’’)* have both been 
successful. 

We examined the results of these tech- 
niques in a group of young patients presenting 
with atrial flutter in association with a 
complex congenital cardiac malformation and 
deteriorating clinical state. 


Patients and methods 
METHODS 
Patients were brought to the electro- 


physiological laboratory unsedated and in the 
post-absorptive state. Routine premedication 
for electrophysiological studies was used. The 
patients were routinely anticoagulated at the 
time of study. In most the study was performed 
as an elective procedure after the patient had 
been anticoagulated with oral anticoagulants 
for 4—6. weeks. In these patients warfarin was 
stopped for 24 hours before the study or until 
the International Normalised Ratio fell below 
2. In those in whom the study was performed as 
an urgent procedure half dose heparinisation 
was used at the start of the catheterisation. 

-Under local anaesthesia we introduced one 
or more quadripolar electrode catheters (with 5 
or 10-mm interelectrode spacing) from a 
femoral or subclavian vein and advanced the 
catheter(s) to the right atrium. In three 
episodes the catheter entered the left atrium 
because of an atrial septal defect or absent 
interatrial septum. 

“A surface electrocardiogram and intracardiac 
electrograms were recorded-on a multichannel 
inkjet recorder. Endocardial stimulation was 


. performed by manipulating the catheter(s) into 
various atrial sites. Four surface electro- 


cardiographic leads were simultaneously 


recorded. Atrial sites were classified as high, 


mid, or low and as anterior, lateral, posterior, 
or septal in the right atrium. Left atrial stimula- 
tion was not-performed. 

Through one pair of electrodes we delivered 
stimuli:with a pulse width of 2 ms at twice 
diastolic threshold. Single stimuli were 
introduced after variable programmed delays 
from the previous spontaneous flutter electro- 
gram to scan the atrial flutter cycle. The initial 
delay was 10 ms less than the flutter cycle 
length; this was reduced until refractoriness 
was encountered. The duration of the post- 
stimulation (return) flutter cycle was noted. A 
non-compensatory return cycle resulted in the 
flutter being reset (type I. response (fig 1). A 
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Figure 1 An example of 
reset (type 1) and 
compensatory (type IT} 
responses to atrial 
stimulation during flutter. 
(Aj Three surface and 
three intracardiac leads 
(two from mid-anterior 
right atrium (MARA; 
and low lateral right 
atrium LLRA} ). Flatter 
cycle length is 230 ms. A 
premature stimulus at the 
low lateral site produced a 
cycle of 180 ms, followed 
by a non-compensatory 
return cycle of 230 ms fa 
type I response}. ( Bj 
Four surface leads and one 
intracardiac lead from 
nid-posterior right atrium 
(MPRA). Flutter cycle 
length was 215 ms. A 
premature stimulus 
resulted tn a cycle of 175 
ms followed by a 
compensatory return cycle 
of 255 ms (175 + 255 = 
2x 215) fatype ll 
response j. 





compensatory pause in the return cycle did not 
result in resetting (type II response). Further 
programmed stimuli (up to a total of four) were 
added if a type I response was found. Each 
additional stimulus was initially added at a 
coupling time 10 ms less than the flutter cycle 
length and reduced until refractoriness was 
encountered or conversion achieved. 

If conversion was not achieved rapid atrial 
overdrive pacing was attempted with a 
modification of the protocol suggested by 
Waldo et al.’ Pacing was begun 10 beats per 
minute faster than the flutter rate, initially for 
two seconds then if necessary for a further 
burst duration of four, eight, 15, or 30 seconds. 
If flutter persisted, the pacing rate was 
increased by 10 beats per minute and the 
sequence of burst durations was repeated. It is 
known that pacing rates that exceed 135% of 
the flutter rate are more likely to result in atrial 
fibrillation,® and these rates were not exceeded 
unless pacing had failed at lower rates at more 
than one site. 

If conversion was not achieved a further type 
I atrial site was sought and the full stimulation 
protocol was repeated. If a suitable type I site 
could not be found the full conversion protocol 
was carried out at a type II site. 

In one patient (two episodes) a new tech- 
nique (Atrioversion") was used instead of rapid 
atrial pacing, as part of an experimental 
protocol. A single constant current pulse with a 
duration 20 ms longer than the flutter cycle 
length was delivered 10 ms after the refractory 
period (as defined by a single stimulus) with an 
amplitude that was initially twice the diastolic 
threshold and was doubled to a maximum of 20 
mA. 
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ELECTROCARDIOGRAPHIC DEFINITION OF ATRIAL 

FLUTTER 

The diagnosis of atrial flutter was made from 
the surface electrocardiogram. The diagnosis 
required the presence of regular, rapid atrial 
activity with some degree of atrioventricular 
block, either spontaneously or during carotid 
sinus massage. An atrial rate of > 200 beats per 
minute was required with clear evidence of 
classic flutter waves in at least one surface 
electrocardiographic lead. This rate is lower 
than the generally accepted lower rate limit for 
atrial flutter (240-250 beats per minute) because 
previous cardiac surgery and congenital abnor- 
malities of the atrium can slow the flutter rate. 

In episodes in which the atrial rate was below 
200 beats per minute flutter was diagnosed only 
Wf the patient was receiving antiarrhythmic 
drug treatment likely to slow the atrial rate and 
-f an earlier electrocardiogram had showed 
Jutter at a rate greater than 200 with an 
:dentical flutter wave configuration before drug 
:reatment. 

Atrial flutter was classified as being of the 
“common” form if negative sawtooth deflec- 
tions were seen in the inferior surface 
electrocardiogram leads and uncommon if the 
flutter waves were positive in leads I and II. 


PATIENTS 

Twenty one procedures were carried out on 16 
patients (eight male, and eight female, aged 15- 
43 years, mean 26). Table 1 shows the clinical 
details. All patients had had previous corrective 
surgery for their congenital lesions on at least 
one and up to four occasions. Eleven patients 
had one procedure and five had two on separate 
hospital admissions. The duration of flutter 
before attempted conversion ranged from six 
hours to five years (median 14 days). At the time 
of study, the atrial rate was 158-363 beats per 
minute (mean 229) and the ventricular rate was 
63-172 beats per minute (mean 100). 2:1 
atrioventricular block was present in seven 
episodes, 3:1 block in four episodes, 1:1 con- 
duction in one episode, and a variable block in 
the remainder. 

The current antiarrhythmic drug treatment 
was amiodarone in seven episodes, digoxin in 
two episodes, digoxin and quinidine in two 
episodes, digoxin and disopyramide in two 
episodes, quinidine in one episode, amiodarone 
and digoxin in one episode, digoxin and 
flecainide in one episode, and xamoterol in one 
episode. In four episodes the patient was 
receiving no antiarrhythmic drug treatment at 
the time of study. 

In five episodes the atrial rate was below 200 
beats per minute. In four of these the patient 
was receiving amiodarone and had previous 
evidence of atrial flutter with an atrial rate of 
over 240 beats per minute before amiodarone 
and an identical flutter wave configuration. In 
the remaining episode, the flutter rate was 188 
when the patient was receiving disopyramide 
and it accelerated to 330 in a subsequent 
episode when the patient's treatment was 
changed to xamoterol. 

Conversion of atrial flutter was attempted 
only during episodes in which there was 
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Tablel Data on patients 


Case 
I 


10 ^ 


Il 


12 
13 


14 
15 


Age 
17 


33 


31 


31 


15 


19 


24 


33 


Sex 
M 


EE 


F 


* 


Basic diagnosis © 
VSD, infundibular 


Tetralogy of Fallot, 
ASD, anomalous 
ongm of LAD 


Tricuspid atresia, 
ASD, Fontan at 
age 12 


' TGA, VSD, 


hypertension 


Tetralogy of Fallot 
Pulmonary stenosis 


ASD 


pulmonary 
(age 14) ` 
ASD repair (age 32) 


ASD —Ó (age 5) 


VSD closure 
mfundib 
resection (age 11) 
Pott’s operation (age 
18 months) 


l 


^ Pott’s operation (age 


Glenn’s operation 
age 8 months), L 
lalock (age 8 
Fontan (age 12), 
redo Fontan (age 


PDA hgated (age 10 _ 


months), ASD 


repaired (age 5) 


Fontan shunt 
Fontan (age'20), 
closure VA leak 


(age 28) ; 


^ ` l 
Total repair (age 8) 


valvotorny + t PFO 
closure (age 16) 
D repair. i 


Residual lestons 


Very small VSD, 
mild pulmonary 
stenosis 


h ension 
dehi het 
failure 


Tricuspid atresia, 
ASD 


ypertension, 
VSD, tricuspid 
regurgitation 


Coarctation of 
‘aorta 


Calcified RA clot 


Previous arrhythmias Previous treatment 


AFI + syncope 
age 17) 


Persistent atrial 
flutter smce age 5 


Atrial tachycardia 


age 26), atrial 
utter (age 28) 


Atrial flutter (age 
31) 


VT 19), 
VENE (age 
20) 


SVT (age 17) 


AVNRT/SN 
disease (age 11), 
antitachycardia 


removed age 17 
(mfecnon) 


Recurrent AF1 
since 2nd op 


Quinidine then 
amiodarone 


Nil 
Digoxin + 


amiodarone 


Amiodarone, 
disopyramide 


Digoxin 


Amiodarone, 
digoxin 


Digoxin 


Disopyramide, 
amiodarone 


Amuodarone 
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Result of conversion 
and follow up 


controlled by 
digoxin 

Sinus rhythm, 
flutter recurred 


age 31, repeat 
conversion to SR 


Sinus rhythm, 


heart/lung 
transplant age 32 


Sinus rhythm 


Sinus rhythm, 
flutter recurred 


age 35, repeat 
conversion to 


sinus rhythm 


Sinus rhythm, 


flutter recurred 
age 23, repeat 
conversion to 


sinus rhythm 
Sinus rhythm 


Sinus rhythm 


Atrial fibrillation, 
immediately 
converted to 
sinus with 75 J 
DC 


Sinus rhythm 

Sinus bradycardia 
treated with 
xamoterol. AF] 
recurred after 2 
months—repeat 
conversion to 


sinus rhythm 
Sinus rhythm 


Sinus rhythm 


Sinus rhythm 





AFI, atrial flutter; ASD, atrial septal defect; AVNRT, atrioventricular nodal reentrant tachycardia; LAD, left anterior descending coronary artery, PUE left 
ventricle, PA, pulmonary artery; PDA, patent ductus arteriosus, PFO, patent foramen ovale, RA, right atrium; SN, sinus node; SR, sinus rhythm, SVT 
supraventricular tachycardia; T'GA, Eansponngn of great arteries; VA, ventriculoatrial; VSD, ventricular septal defect; VT, ventricular tachycardia. 


evidence of regular atrial flutter on the surface 
electrocardiogram. Irregular atrial activity or 
atrial fibrillation was excluded. In 16 episodes, 
“common” form. In five 
episodes, flutter was classed as “uncommon’’. 


flutter was of the 


"^ Results 
Table 2 shows-the data sued at electro- 
physiological study. All stimulation sites were 
in the right atrium, T'here was a type I response. 
to atrial stimulation site in 16 episodes (8196) at 
24 atrial:sites. No response to attempted con- 
version was found at eight sites (mid-lateral 1, 


low lateral 1, high anterior 2, mid-anterior 2, 
mid-septal 1, mid-posterior, 1). T'he distribu- 
tion of the 16 type I sites at which conversion 
occurred was: high lateral 3, mid lateral 2, low 


lateral 2, high anterior 2, mid-anterior 3, low 
anterior 1, mid-septal 1, high posterior 1, mid- 
posterior 1. In addition, three type II sites were 


found in these 17 episodes (mid-septal 1, low 
septal 1, high anterior 1). Conversion was not 
attempted at these latter sites. 

Only type II responses were found at nine 
sites in five episodes. Conversion did not occur 
at four sites (mid-lateral 1, high anterior 1, 
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Figure 2 Conversion of 
atrial flutter to sinus 
rhythm by two premature 
atrial stimuli. Four 
surface electrocardia- 
graphic leads and twa 
intracardiac electrograms 
showing atrial flutter with 
a cycle length of 220 ms. 
Two extrastimuli 

( coupling times 140 ms 
and 180 ms) caused 
immediate reversion to 
sinus rhythm. 


Table 2 Electrophysiological data on individual episodes 


Cunningham, Somerville, Kennedy, Rowland, Rickards 








Duration Arrial Ventricular Stimulation 

Case Age Sex — Current treatment of flutter Flutter type rate rate site in RA 

1 17 M Quinidine 2 days Common 304 152 Mid-lateral 

2 18 M Amiodarone 1 day Common 221 110 Mid-lateral 

3 33 F Nil 3 wk Common 271 135 High lateral 

4 20 F Nil 5 yr Common 218 109 Low lateral 

5 15 M Amiodarone 8h Uncommon 181 80 High anterior 

6 31 F Digoxin + quinidine 2 mnth Uncommon 363 110 Low lateral 

7 22 F Nil Unknown Uncommon 206 103 Mid lateral 

8 34 M Nil 3 mnth Common 252 126 Low septal 

9 22 F Digoxin + amiodarone Unknown Common 166 83 Low posterior 
10 28 M Amiodarone 18 mnth Common 219 109 Mid posterior 
11 31 M Amiodarone 4 days Common 176 88 High posterior 
12 22 F Amiodarone 2 davs Common 300 150 Low lateral 
13 31 M Digoxin + quinidine 2 wk Common 206 15 High lateral 
14 25 M Amiodarone Unknown Common 172 172 High anterior 
15 34 M Digoxin + disopyramide 7 days Common 237 79 Mid-anterior 
16 31 M Digoxin 4 disopyramide 7 days Common 188 63 Mid-anterior 
17 19 F Digoxin 45 days Uncommon 263 98 High anterior 
18 31 M Xamoterol 14 davs Common 330 110 Mid-anterior 
19 24 M Amiodarone 3 mnth Common 158 79 High anterior 
20 43 F Digoxin + flecainide 4 mnth Common 233 82 Low anterior 
2] 33 F Digoxin 6 mnth Uncommon 256 128 High lateral 





mid-anterior 1, high septal 1). Conversion 
occurred at the remaining five sites (mid-lateral 
1, low lateral 1, high anterior 2, low posterior 
15. 

Single atrial stimuli did not convert any 
episode of flutter. Conversion to sinus rhythm 
was achieved with programmed stimuli in six 
episodes. Figure 2 shows an example of conver- 
sion. with. two stimuli. Rapid atrial pacing 
resulted in conversion to sinus rhythm in 11 
episodes (figure 3 shows one) and to atrial 
fibrillation in two. One of these latter two 
episodes had the most rapid atrial rate (363 
beats per minute) and endocardial mapping 
showed coexisting areas of atrial fibrillation and 
flutter not suspected from the surface elec- 
trocardiogram; sinus rhythm spontaneously 
resumed 12 hours later. In the other episode 
where atrial fibrillation ensued, DC cardiover- 
sion was carried out immediately because the 
patient had documented sinus node disease and 
the atrial catheter would have allowed backup 
atrial pacing if required. 

‘The remaining two episodes in one patient 
were converted to sinus rhythm by a single long 
constant current pulse (“‘atrioversion’”). Fif- 
teen of the 19 conversions to sinus rhythm were 
at type I atrial sites. 


One conversion to sinus rhythm after rapid 
atrial pacing was followed by profound, 
sustained sinus bradycardia, requiring atrial 
support pacing and subsequently tsoprenaline 
infusion to maintain an adequate rate. The 
patient was subsequently treated with oral 
xamoterol, but had a further recurrence of 
atrial flutter two months later and was again 
successfully converted to sinus rhythm. 
Xamoterol was stopped and an atrial demand 
pacemaker was implanted. 

Overall, 19 episodes (90%) were returned 
Jirectly to sinus rhythm during the procedure. 
One patient, who had coexisting areas of atrial 
fibrillation not suspected from the surface elec- 
trocardiogram and was converted to atrial 
fibrillation, subsequently reverted to sinus 
rhythm after 12 hours. Clinical success was 
thus achieved in 20 episodes (95%). In all 
patients the clinical state improved. 


Discussion 

In patients with one functioning ventricle, as in 
tricuspid atresia or double inlet ventricle, the 
onset of atrial flutter causes a considerable 
symptomatic deterioration. Atrial flutter is also 
dangerous in other complex lesions, such as 
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Response type 





Type I (reset) 
Type I (reset) 
Type I (reset) 
Type I (reset) 
Type IH (non-reset) 
Type H (non-reset} 
Type II (non-reset) 
Type I (reset) 
Type I (reset) 
Type I (reset) 
Type I (reset) 
Type I (reset) 
Type I (reset) 
Type II (non-reset) 
Type I (reset) 
Type I (reset) 
Type I (reset? 
Type I (reset) 
Type I (reset? 
Type I (reset) 
Type I (reset) 


Conversion method 


Atrioversion 
Atrioversion 
Extrasumuli 
Extrastimuli 
Rapid atrial pacing 
Rapid atrial pacing 
Extrastimuli 
Extrastimuli 
Extrastimulti 
Rapid atrial pacing 
Extrastimuli 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 
Rapid atrial pacing 


Result of conversion 


Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 


Atrial fibrillation 


Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 


Atrial fibrillation 


Sinus rhythm 
Sinus rhythm 
Sinus rhythm 
Sinus rhythm 


Details of 
conversion 


180/170 ms 
170/140 ms 
CL 165 ms for 4 s 
CL 100 ms for 8 5 
270/250 ms 


155/140/140/140 ms 


270/210 ms 

CL. 200 ms for 4 s 
240/240/290 ms 
CL 210 ms for 8s 
CL. 200 ms for á s 
CL. 290 ms for 85 
CL 160 ms for 4 s 
CL 230 ms for 30 s 
CL. 160 ms for 4 s 
CL 150 ms for 8 s 
CL 300 ms for 2 5 
CL 170 ms for 4s 
CL 180 ms for 25 





CL, cycle length. 


Figure 3 Conversion of 
atrial flutter to sinus 
rhythm by rapid atrial 
overdrtve pacing. Four 
surface electrocardio- 
graphic leads and two 
mtracardiac electrograms 
from the low lateral right 
atrium (LLRA) show the 
last four beats of an 8 s 
overdrive. pacing train 

( cycle length 210 ms). 
After the end of pacing 
there were two atrial 
depolarisations, the first of 
which may be sinus in 
origin, followed by clear 
resumption of sinus 


rhythm. 


tetralogy of Fallot. It is common in the third 
and fourth decades in both operated and 
unoperated patients with various defects of the 
atrial septum and anomalies of pulmonary 
venous drainage. As in all symptomatic 
arrhythmias two strategies are required. The 
first is prevention, which includes exclusion ofa 
predisposing structural lesion, such as obstruc- 
tion in a conduit connection used in the Fontan 
or right ventricular outflow reconstruction 
procedures. The second is restoration of sinus 
rhythm during the acute paroxysm. The major 
disadvantages of external DC cardioversion are 
that general anaesthesia is needed and that the 
myocardium of an already abnormal ventricle 
may be damaged. The attractions of endo- 
cardial conversion are obvious. The technique, 
however, requires that there is good venous 
access and that the atrial arrhythmia is regular. 
It cannot be applied to atrial fibrillation. In one 
of the two episodes in the present series where 
atrial fibrillation resulted from conversion, 
endocardial atrial mapping showed distinct 


E ai 
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coexisting areas of flutter and fibrillation that 
were not evident on the surface electrocardio- 
gram. Conversion to sinus rhythm was thus 
unlikely in this episode. 

For this study we selected patients with 
regular and rapid atrial arrhythmia. Patients 
with anomalies of systemic venous drainage 
were excluded owing to difficulties of access. 
Otherwise, it is our policy to start anticoagula- 
tion with heparin and to proceed to electrical 
conversion as soon as is possible. Appropriate 
antiarrhythmic medication to prevent recur- 
rences is instituted or continued after conver- 
sion. We advise patients to return immediately 
if a further paroxysm occurs. 

In the five instances in which the atrial rate 
was below 200 beats per minute during flutter, 
concomitant drug treatment accounted for the 
relatively slow atrial rate. A gradual lengthen- 
ing ofthe flutter cycle withouta change in flutter 
wave configuration was seen on sequential 
electrocardiographic recordings after treat- 
ment was started. Because this effect was consis- 
tent with the electrophysiological effect of 
amiodarone and disopyramide we thought that 
the mechanism of these slower rhythms must 
be identical and that thev should remain 
classified as atrial flutter. 

As well as having a high success rate, 
endocardial paced conversion of atrial flurter 
allows immediate atrial support pacing when 
there is sinus arrest after conversion-—a facility 
not available during external cardioversion. 
This proved essential in one episode where 
profound sinus bradycardia followed con- 
version. 

All of the study group had had previous 
corrective surgery, usually at an early age. 
None had a history of atrial arrhythmias before 
operation, and it is probable that the surgery 
contributed in a major wav to creation of the 
substrate for their atrial flutter. 

The procedure was highly successful in this 
group of patients. The mean procedure time 
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was an hour, and theoretically the procedure 
could be carried out at the bedside under 
echocardiographic control. We believe that 


' intracardiac electrical conversion is the best 
treatment for atrial flutter in patients with. 


congenital heart disease because it avoids 
general anaesthesia and external cardioversion. 
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Pericardial haemorrhage causing right atrial 
compression after cardiac surgery: role of 
transoesophageal echocardiography 


I A Simpson, C Munsch, E E J Smith, D J Parker 


Abstract 

After cardiac surgery transoesophageal 
echocardiography showed a large 
thrombus compressing the right atrium 
in ‘three hypotensive patients. No satis- 
factory images were obtained by trans- 
thoracic imaging, which is often difficult 
in ventilated patients after cardiac 
surgery. Transoesophageal echocardio- 
graphy, however, provided rapid diag- 
nostic information and permitted 
prompt surgical intervention. 


In patients who become hypotensive after 
major cardiac surgery it is often not easy to 
make the differential diagnosis between left 
ventricular dysfunction, prosthetic valve dys- 
function, sepsis, cardiac tamponade, and 
intrathoracic bleeding. Echocardiography can 
provide additional information about the con- 
tractile state of the left ventricle and the 
function of prosthetic valves but transthoracic 
imaging in a ventilated patient after cardiac 
surgery is difficult. Transoesophageal echocar- 
diography provides rapid, real time high 
resolution imaging of the heart and surround- 
ing structures that is valuable in the 
management of these patients. 

We describe three patients in whom com- 
pression. of the right atrium by localised 
haematoma formation presented as either an 
early or late postoperative complication of 
valve surgery and in whom transoesophageal 
echocardiography was of primary diagnostic 
importance. 


Case reports 


CASE 1 
A 59 year old woman with rheumatic mitral 
valve disease underwent mitral valve 


replacement with a 29 mm monostrut Bjórk- 
Shiley valve. Twelve hours after operation she 
became hypotensive and  oliguric with 
peripheral vasoconstriction. Arterial blood 
pressure was 75 mm Hg systolic, central ven- 
ous pressure 10 mm Hg, and mean left atrial 
pressure measured via a left atrial line was 
30 mm Hg. Clinically, valve function seemed 
normal and there was no significant drainage 
from the intrathoracic drains. No satisfactory 
images could be obtained by transthoracic 
echocardiography. Transoesophageal echocar- 
diography showed a large clot that surrounded 
and compressed the right atrium and extended 
superiorly around the superior vena cava (fig 


1). Colour Doppler flow mapping showed that 
the right atrial cavity was less than | cm in 
diameter. The right ventricle and the left 
heart were underfilled and the mitral vals 

prosthesis seemed to be functioning normalls 

At reoperation the transoesophageal echocar 

diographic findings were confirmed and direct 
left atrial puncture showed a left atrial pres 

sure of 5 mm Hg. The large haematoma was 
removed and  haemostasis 
patient subsequently made an une 
postoperative recovery. 


secured | he 


'ntful 


CASE 2 

A 66 year old man who had had a Carpentier 
Edwards aortic valve replacement for 
regurgitation and dilatation of the ascending 
aorta 10 years previously had the prosthetic 
valve replaced by a number 12 Starr- Edwards 
valve. The operative procedure was uncom 
plicated and the patient had an uneventful 
postoperative course. He was discharged 
seven days after operation. He was readmitted 
three days later with a historv of increasing 
shortness of breath, a heart rate of 120 beats 
min, and a systolic blood pressure of 70 
80mm Hg. There were no clinical signs of 
valve dysfunction or chest infection 
trocardiogram showed atrial fibrillation with a 
rapid ventricular response and the chest x ra 
showed some cardiomegaly bur clear lung 
fields. Echocardiography showed a 
haematoma surrounding and compressing the 
right atrium, like that in patient |. At re 
operation there was a large clot compressing 
the right atrium contained by a partially 
obliterated pericardium. The source of bleed 
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Transoesophageal echocardiogram j 
patient 1 showing a large round thrombus | 1 
compressing and almost completely obliterating 


Figure 1 


RA). LA, left atrium 


atrial cavity 
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Figure 2 Transoesophageal 
echocardiogram from 
patient 3 showing a large 
area of thrombus (T / 
compressing the right 
atrial cavity. RA, right 
atrium, LA, left atrium. 





ing was identified as an aortic tear posterior to 
the aortic suture line. The patient had a long 
postoperative course requiring prolonged ven- 
tilation but he remained haemodynamically 
stable and was discharged home, During sub- 
sequent outpatient follow up he has been 
symptomatically well though he has remained 
in atrial fibrillation with a controlled ven- 
tricular response. 


CASE 3 

A 69 year old woman underwent aortic and 
mitral valve replacement for severe mixed 
aortic and mitral valve disease with symptoms 
of increasing limiting exertional dyspnoea. 
The preoperative course was complicated by 
melena secondary to severe biventricular dis- 
ease. The aortic and mitral valves were 
replaced with Carbomedics 23mm and 
31 mm valves. After slow mobilisation she 
was well enough to be discharged 12 days 
after operation but she was readmitted unwell 
two days later with hypotension and res- 
piratory wheeze. Since discharge anticoagula- 
tion had become uncontrolled (International 
Normalised Ratio >12). An initial diagnosis 
of chest infection was made but respiratory 
function deteriorated and she needed ventila- 
tion. Transoesophageal echocardiography (fig 
2) showed a large haematoma surrounding 
and compressing the right atrium with mitral 
and aortic valves of normal appearance. At 
reoperation a very large clot was evacuated 
from the area surrounding the right atrium, 
the origin of bleeding at the aortic suture line 
was identified, and haemastasis was secured. 
Postoperatively the patient remained haemo- 
dynamically stable. No further haemodynamic 
problems developed but the patient eventually 
died of respiratory infection after prolonged 
ventilation. 


Discussion 

Transthoracic echocardiography after cardiac 
surgery is uniformly disappointing yet the 
information available from imaging the heart 
and surrounding structures is potentially very 
important in a critically ill patient. In the 
three patients we describe the pericardial 
haemorrhage would not have been recognised 
without transoesophageal echocardiography 
and appropriate surgical treatment would not 
have occurred. This experience is similar to 
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that of Kochar er al who described localised 
pericardial haematomas in four patients 
causing right atrial compression after cardiac 
surgery.' These four patients had all under- 
gone coronary artery bypass surgery whereas 
our patients developed localised haemorrhage 
after either mitral or aortic valve replacement. 
Though haemodynamic information is 
valuable in patients after cardiac operations in 
patient ] the findings of transoesophageal 
imaging—right atrial compression. with an 
underfilled left heart—were at variance with 
the haemodynamic information. Hence, 
transoesophageal imaging allowed a valued 
clinical judgement of right atrial tamponade to 
be made and this led to prompt surgical 
evacuation of the haematoma; the diagnosis 
was not apparent with transthoracic imaging. 
Transoesophageal echocardiography now 
allows high quality real time imaging of the 
heart and great vessels with a far greater 
spatial resolution than is possible with trans- 


thoracic imaging." This is largely because of 


the superior signal/noise ratio and the ability 
to use higher frequency transducers than for 
transthoracic study without significantly limit- 
ing ultrasound attenuation. Transoesophageal 
imaging is already becoming accepted as a 
valuable technique for intraoperative diag- 
nosis and guidance of surgery’* but its role in 
the intensive care unit for diagnosis of post- 
operative complications is less well estab- 
lished. We describe three patients in whom 
transoesophageal echocardiography per- 
formed in the intensive care unit allowed a 


rapid diagnosis of a major complication of 


valve surgery which might not otherwise have 
been immediately evident. This somewhat 
unusual complication occurred in three 
patients over a period of onlv three months 
and may easily have been missed without 
transoesophageal imaging because the diag- 
nosis may not be apparent from haemo- 
dynamic measurements. In particular, central 
venous pressure measurement may be mis- 
leading if the catheter tip does not lie at the 
site of compression. Chest x ray and conven- 
tional transthoracic echocardiography were 
unhelpful and more sophisticated imaging 
techniques such as computed tomography or 
magnetic resonance imaging would be imprac- 
tical in these critically ill patients. ‘Transoeso- 
phageal imaging is a valuable diagnostic tool 
in the intensive care unit, where the high 
resolution images obtained allow assessment 
of postoperative cardiac function, prosthetic 
valve function, and the presence of cardiac 
tamponade. We believe that this technique 
will become increasingly important in the 
management of patients after cardiac surgery. 
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Isovolumic relaxation sound: a new class 


heart sound? 


CH Lee, D G Gibson 


Abstract 

An early diastolic sound in a patient with 
apical left ventricular disease is re- 
ported. Pulsed Doppler  echocardi- 
ography showed blood flow within the left 
ventricular cavity during the isovolumic 
relaxation period whose peak flow 
velocity was synchronous with the onset 
of this diastolic sound. Because it oc- 
curred before filling started it could not 
have been either a third or fourth heart 
sound. It must thus represent a distinct 
and apparently unrecognised class of 
diastolic sound. 


The third and fourth heart sounds have 
always been related to blood flow across the 
atrioventricular valves. When relaxation is 
asynchronous, however, blood flow can also 
occur within the ventricle during the iso- 
volumic period. The associated changes in 
blood flow velocity may be rapid, raising the 
possibility that enough energy may be dissi- 
pated to generate a sound at a time when the 
atrioventricular valves are closed. We report 
such a case where flow during isovolumic 
relaxation period was associated with an 
added heart sound. 





Case report 

A 68 year old woman with aortic stenosis and 
three vessel coronary artery disease under- 
went aortic valve replacement and coronary 
bypass grafting. Postoperatively a left pleural, 
which had effusion developed and she 
remained unwell. Cardiomegaly was noted 
and diastolic added sounds were heard. it was 
believed that she might have suffered a 
perioperative infarction, which had impaired 
left ventricular function. 

Two diastolic added sounds were confirmed 
by phonocardiography, one starting 90 ms 
and the other 190 ms after aortic closure (A,) 
(fig 1A). Cross sectional echocardiography 
showed apical wall motion abnormality with 
moderate impairment of basai left ventricular 
function. Pulsed Doppler, recorded at the 
chordal level with the transducer at the apex, 
showed a summation mitral filling pattern: a 
single flow velocity pulse occurring in early 
diastole soon after the second heart sound but 
also after the P wave on the electro- 


cardiogram. This pulse was preceded by strik- 
ing flow away from the apex during isovolumic 
relaxation lasting 150 ms and reaching a peak 
velocity of 0-75 m/s. The timing of its peak 
velocity was synchronous with the onset of the 
first diastolic sound (X, fig 1B). That of the 
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Figure 2 Colour M mode recorded from the apex, directed towards the mitral ring 
and left atrium, with simultaneous electrocardtogram (ECG) and phonocardiogram 
PCG). Forward flow from left atrium to left ventricle is coded in red. Note the 
abnormal flow, coded blue (arrows), that immediately follows A , and precedes the 
onset of forward flow. This corresponds to blood flow from apex to base during 
isovolumic relaxation. For clarity of reproduction, the electrocardiogram and 
phonocardiogram have been retraced. Depth markers 1 cm, time marker 200 ms. 


second diastolic sound (S, fig 1B), 100 ms 
later, coincided with peak early diastolic tran- 
smitral flow velocity. There was also an abnor- 
mal flow signal from base to apex after mitral 
closure during the isovolumic contraction 
period, but this was not associated with an 
additional heart sound (fig 1B). On the right 
side, peak early diastolic flow velocity across 
the tricuspid valve was synchronous with that 
across the mitral valve. Pulmonary valve 
closure, timed from pulmonary valve artefact, 
followed A,, by 10 ms in expiration. The left 
ventricular flow disturbance was further 
examined by colour flow mapping. Abnormal 
flow was centred at the junction between nor- 
mally moving and diseased segments of the 
left ventricle and was directed from the apex 
to the base. Colour M mode confirmed that 
this flow occurred during the isovolumic relax- 
ation period, lasting for 150 ms and involving 
a column of blood 5 cm in length (fig 2). 


Discussion 

A diastolic heart sound is always an important 
clinical finding in a patient with heart disease. 
Though there is no consensus on how such 
sounds are generated, it is generally accepted 
that they are related in some way to ventricu- 
lar filling—the third sound to filling in early 
diastole and the fourth to atrial systole. 
We, and others, have suggested more 
specifically that they represent energy dis- 
sipated by sudden changes in blood flow 
velocity.'? On this basis, the third sound is 
synchronous with the transition from an 
accelerating to a decelerating flow during early 
diastole, and the fourth sound with the onset 
of acceleration caused by atrial systole. If this 
explanation is correct, one might expect dias- 
tolic sounds to be generated whenever there is 
a sudden change in blood flow velocity. 

Blood flow within the left ventricle during 
isovolumic relaxation is a common finding and 
it has been documented in normal individuals 
as well as in patients with left ventricular 
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hypertrophy.’ Because blood is incompres- 
sible, this flow is the natural consequence of a 
change in left ventricular cavity shape during 
a period of constant ventricular volume. We 
have previously analysed such changes in 
detail as they occur in patients with coronary 
heart disease.’ The change itself is caused by 
asynchronous relaxation, the onset of outward 
wall motion being characteristically delayed in 
segments of the myocardium supplied by dis- 
eased coronary arteries. These findings can be 
directly applied in the present case. The 
patient had apical disease, where the onsets of 
tension rise and fall are likely to have been 
delayed, and thus asynchronous with those at 
the base of the heart. Such differences in wall 
tension are the direct cause of the abnormal 
blood flow we observed, initially from base to 
apex during isovolumic contraction and rever- 
sing during isovolumic relaxation. 

The onset of the added heart sound in this 
patient corresponded with the peak of the flow 
transient within the ventricle, when there was 
a sudden change from acceleration towards 
base to acceleration towards the apex. The 
added sound thus bore the same time relation 
to the changing blood flow as the classic third 
heart sound does to changing blood flow 
velocities during rapid filling.’ It differed from 
a third heart sound in that it occurred before 
mitral valve opening, and so could not have 
been in any way related to rapid ventricular 
filling. In addition, the patient had a second 
added sound later in diastole whose onset 
corresponded with the peak right and left 
ventricular filling velocities. Because both 
mitral and tricuspid flow were summation 
waves this second diastolic sound was a sum- 
mation rather than a fourth heart sound. Fin- 
ally, aortic and pulmonary closure were effec- 
tively synchronous, which excludes delayed P, 
as a possible mechanism. We conclude, 
therefore, that in this patient the sudden 
reversal in the direction of blood flow within 
the ventricular cavity during isovolumic relax- 
ation was the cause of the added sound in our 
patient. 

Asynchronous relaxation and the resulting 
blood flow within the left ventricular cavity is 
common in normal hearts as well as in left 
ventricular hypertrophy and coronary artery 
disease. A possible associated heart sound, 
however, has received little attention. In part 
this may reflect the lamentable disuse into 
which the valuable art of phonocardiography 
has fallen. An additional cause is that the 
timing of the intraventricular blood flow was 
very abnormal in our patient because iso- 
volumic relaxation itself was prolonged. It is 
much more common for peak isovolumic 
velocities to coincide with mitral or aortic 
valve closure, so that any vibrations they 
might generate are superimposed on the nor- 
mal first or second, making a possible 
additional contribution difficult to document. 

Our observation of a loud sound during 
isovolumic relaxation emphasises that it may 
be necessary to modify current nomenclature. 
Rather than calling any low pitched early 
diastolic sound a “‘third”’, we suggest the term 


, ` 1 
Isovolumic relaxation sound: a new class of added heart sound? 


should be applied.only to vibrations occurring 

during the rapid filling phase of one or other 

à . «+ ventricle and “fourth” to those associated 
k a with atrial systole. The sound we have des- 
cribed is not covered by either of these terms, 

and may be better: called a “left ventricular 

isovolumic relaxation sound". Even this more 

complex term may, prove unsatisfactory be- 


cause the flow velocity associated with it was in ' 
the reverse direction to that more commonly 


seen during isovolumic relaxation.’ Neverthe- 
less, its association with a flow reversal within 
the ventricle provides further evidence that 
sudden changes in blood velocity are a general 
mechanism by. which diastolic- sounds can be 

: E produced. ` 
i It is thus clear hat not all iiy diastolic 
sounds, even in patients ‘with, obvious left 
2 PM .' .. ventricular disease, are third heart sounds. 


‘This conclusion may be important when 


T attempts are made to elucidate the patho- 
D logical importance! of such sounds. Third 
' ' heart sounds should thus be clearly documen- 
ted as such, particularly when their supposed 
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presence is used to diagnose “heart failure" or 
made an indication for drug administration.’ 
Finally, it is increasingly being recognised 
that disturbed diastolic function is clinically 
important in patients with heart disease; our 
observations show that interrelations between 
heart sounds and blood flow may provide 
useful information and may extend simple 
clinical approaches to this important area of 
cardiology. 
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Early constrictive pericarditis and anaemia after 
Dressler's syndrome and inferior wall myocardial | 


infarction 


a 


Po Kee Cheung, Mary Lee Myers, ] Malcolm O Arnold 


- Abstract 


Early constrictive pericarditis and 
anaemia developed in a 52 year old man 
after he had an inferior wall myocardial 
infarction complicated by Dressler’s 
syndrome. Total pericardiectomy at the 
time of coronary artery bypass surgery 
resulted in completé resolution of signs 


" and symptoms. 


Constrictive pericarditis after | myocardial 


infarction has been rarely reported. There are 
three reports of this complication developing 
six to 12 months after frank haemoperi- 
cardium had occurred with prophylactic 
anticoagulant treatment." However, three 
recent cases occurred in the absence of an 
overt haemopericardium ‘during the initial 
post-infarction period and two of these 
patients did not receive anticoagulants.*? The 
third received an eight week course of 
anticoagulants for venous thrombosis but this 
was started four months after his presentation 
with myocardial infarction and pericarditis.? 
All six patients had evidence of clinical 
pericarditis during the acute myocardial 
infarction and in two patients Dressler’s post- 
myocardial infarction syndrome preceded the 
development of constrictive pericarditis by six 
months and 10 months.** Anaemia developed 
in only one patient and the bone marrow 
aspirate was consistent with the diagnosis of 


. anaemia of chronic disease. We describe a 


patient with an inferior wall myocardial 
infarction who developed constrictive peri- 
carditis and reversible anaemia a month 
after Dressler’s syndrome. Pericardiectomy 
corrected the constriction and the symptoms 
resolved. 


f 


Case report 

A.52 year old man was admitted because of 
acute onset (five hours before) of sharp left 
sided chest pain which was made worse by 
breathing and lying down but was improved by 
sitting forward. He was a long term smoker and 


.had no history of angina or tuberculosis. 


Physical examination showed a triphasic 
pericardial rub and bi-basilar crackles but no 
paradoxical pulse or increase in jugular venous 
pressure. There were significant Q waves and 
flattened T waves in the inferior leads of the 
electrocardiogram with T wave inversion in I, 
aVL, and V4—V6. There was no ST elevation to 
suggest acute myocardial injury or pericarditis. 
Chest x ray showed mild cardiomegaly and 


pulmonary congestion and a small loculated 
pleural effusion. The echocardiogram showed 
inferoapical akinesis with hypokinesia of the 
septum and inferior wall. No pericardial 
effusion was detected. The clinical diagnosis 


. was Dressler's syndrome complicating an 


inferior myocardial infarction, though it was 
not possible to determine clearly the timing of 
the infarction. No serial changes in the 
electrocardiogram or cardiac enzyme activities 
were seen. A viral aetiology was considered 
unlikely because the patient had no preceding 
history of a recent viral illness and his total and 
differential white cell counts on admission were 
normal. 

He was treated with indomethacin 50 mg 
three times daily for three days then 25 mg 
three times daily for an additional three days. 
His pericardial rub and crackles resolved 


‘within 48 hours. Neither subcutaneous heparin 


nor oral warfarin were given. A treadmill 
exercise test (modified Bruce protocol) was 
carried out five days after admission and was 
abnormal with chest pain and ST segment 
elevation in the inferolateral leads. Cardiac 
catheterisation -showed severe triple vessel 
coronary artery disease. The right coronary 
artery was totally occluded in its mid third as 
was the left anterior descending artery beyond 
the first major septal perforator. The circumflex 
artery seemed free of important disease but 
there was a 75% proximal stenosis of the 
intermediate artery. The left ventriculogram 
showed inferoapical akinesis and a left 
ventricular ejection fraction of 35%. He was 
accepted for coronary, artery bypass surgery 
and discharged on once daily atenolol (100 mg) 
and enteric coated aspirin (325 mg). 

He remained free of symptoms for three 
weeks when he was readmitted because of 
increasing shortness of breath with anorexia, 
abdominal and chest discomfort, orthopnoea, 
and peripheral oedema. Physical examination 
showed an increased jugular venous pressure 
of 10 cm above the sternal angle, pulsus 
paradoxus (15 mm Hg difference), bi-basilar 
crackles, moderate peripheral oedema, and a 
mild degree of ascites but no pericardial 
friction rub. The electrocardiogram had not 
changed and there were no subsequent changes 
in serial activities of cardiac enzymes. Because 
of some clinical evidence suggestive of bi- 
ventricular failure, he was initially treated with 
diuretics and intravenous dobutamine and 
within 24 hours he responded well. An echo- 
cardiogram obtained after the start of this 
treatment showed moderate pericardial effusion 
and possible early diastolic collapse of the right 
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T'hichened pericardium 
showing fibrin (f) and 
inflammation. ( Original 
magnification x 25.) 


ventricle. Repeat echocardiogram five days later 
showed resolution of the pericardial effusion 
and abnormal right ventricular motion. His 
haemoglobin had dropped from 139 g/l at the 
first admission to 116 g/l, without any evidence 
of blood loss or haemolysis. Red cell indices 
and white cell and platelet counts remained 
normal. 

He was readmitted two weeks later because 
of increasing orthopnoca with more abdominal 
distension. Physical examination showed a 
much increased jugular venous pressure (12 cm 
above the sternal angle), no pulsus paradoxus, a 
tender liver enlarged to 3 cm below the right 
costal margin, moderate ascites, peripheral 
oedema, and bi-basilar crackles. Again, the 
electrocardiogram showed no new changes. 
The echocardiogram showed the previous seg- 
mental wall motion abnormalities, no pericar- 
dial effusion, but evidence of a paradoxical 
ventricular septal motion though without 
appreciable thickening of the pericardium. His 
haemoglobin concentration had dropped fur- 
ther to 103 g/l with normocytic normochromic 
indices. Reticulocyte count, serum B12, and 
folate and ferritin concentrations were normal. 
Antinuclear factor was negative. Bone marrow 
biopsy showed only non-specific reactive 
changes. He was treated with diuretics and 
his clinical state improved somewhat. The 
decision was made to proceed with surgery. 

At operation the anterior pericardium was 
found to be grossly thickened and firmly 
adherent to the underlying right ventricle and 
adjacent portion of the left ventricle as well as 
to the proximal segments of the aorta and 
pulmonary artery. There was old haemorrhagic 
and fibrinous exudate over the anterior aspect 
of the right atrioventricular groove and right 
atrium. There was evidence of an earlier large 
inferior infarction. There was an extensive 
epicardial inflammatory reaction which made it 


difficult to identify the coronary vessels. The 
left internal thoracic artery was used to 
construct a bypass to the left anterior descend 

ing artery and a saphenous vein bypass graft 
was placed to the intermediate artery. Total 
pericardiectomy was performed and a signifi- 
cant improvement in right ventricular contrac 

tility was noted at the end of the procedure 
The right atrial pressure decreased from 25 
mm Hg before operation to 17 mm Hg after 
operation. By the second postoperative day, it 
had fallen to 14 mm Hg. Pathological examina- 
tion of the excised pericardium showed chronic 
inflammatory infiltrate throughout its entire 
thickness (fig) with adherent thrombotic 
material. One month after operation, the 
jugular venous pressure was normal and the 
ascites, peripheral oedema, and hepatomegaly 
had resolved. A radionuclide blood pool ven 

triculogram showed normal right ventricular 
contractility with a right ventricular ejection 
fraction of 55%. The left ventricle showed 
inferior segmental wall motion abnormalities 
and an ejection fraction of 45%. His haemo- 
globin concentration returned to normal with- 
out further need for transfusion after opera- 
tion. He remained well and symptom free eight 
months after surgery. 


Discussion 

The incidence of early pericarditis during 
myocardial infarction is reported to vary from 
6% to 2395.  Dressler's post-mvocardial 
infarction syndrome occurs in up to 4% of 
patients.” A single episode is usually self 
limited and responds well to treatment with a 
non-steroidal anti-inflammatory agent as in this 
patient. The syndrome may recur though the 
long term sequelae are not clearly defined. It can 
be diffuse and may obliterate the pericardial sac, 
but subsequent development of constrictive 
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pericarditis has been reported only twice and 


has occurred six to 10 months after the initial- 


myocardial infarction.f?^ In this patient 
constrictive pericarditis developed one month 
after Dressler’s syndrome in the absence of 
prior anticoagulation and in association with 
anaemia. Some degree of intrapericardial 
haemorrhage was evident during surgery and 


- histological examination also showed throm- 


botic material adherent to the pericardium. It is 
possible that severe pericarditis will cause 
leakage of blood into the pericardial sac though 


its contribution to the progression of constric-. 


tive. pericarditis is not known. All three cases 


have occurred in men with an inferior wall: 


myocardial infarction. Whether this is a chance 
association or relates to an anatomical factor, 


‘such as-increased adherence of the inferior 


pericardium to the diaphragm or myocardium, 
is not known. All showed an excellent response 
to pericardiectomy. 

A few cases of protracted Dressler's syn- 
drome have been associated with anaemia, but 
the aetiology was not clear because bone 
marrow studies were not. performed.’ Our 
patient. showed the development of early 
reversible anaemia and constrictive pericarditis 
in Dressler’s syndrome similar to that reported 
by Kanawaty et al? Bone marrow biopsy in 
both cases showed non-specific changes. It is 
possible that myocardial injury initiated an 
immune reaction leading to both pericarditis 
and anaemia. It is interesting to speculate that 
the early development of anaemia may.be a 
marker for a more severe immune response. 
Recent evidence suggests that inflammatory 
mediators, such as interleukin 1, released in 


. severe inflammatory conditions may decrease 


the erythroblast response to erythropoietin and 
cause anaemia which may respond to cortico- 
steroids." A recent retrospective analysis 
of a related condition, postpericardiotomy syn- 
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drome, concluded that steroids, non-steroidal 
anti-inflammatory drugs, or the combination 
did not seem to prevent the future development 
of constrictive pericarditis.! A prospective 
controlled trial in tuberculous pericarditis 
suggested that adjunctive treatment with 
prenisolone improves clinical symptoms and 
survival as well as reducing pericardiocentesis 
and possibly  pericardiectomy.? Further 
studies may be needed to resolve this issue 
in the subgroup of patients with Dressler's 
syndrome and anaemia. 


Dr J M O Arnold is the recipient of a Career Health Scientist 
Award from the Pharmaceutical Manufacturers Association of 
Canada. We thank Dr M Troster for the pathological analysis 
of the pencardium 
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The new offices of the society are now 
complete. We have recently taken over a 
fourth room, giving us all the top floor of 
numbers 1 and 2 St Andrew’s Place. One of 
these will usually be available during office 
hours to any member in the neighbourhood 
and wishing for a quiet room in which to read, 
or simply to admire the superb view from the 
third floor over Regent’s Park. Elaine Brown- 
and Jennie Lodge would be happy to see 
members making use of this facihty. They 


know the names of members of the society- 


and many of the voices, but they complain 
that few faces are familiar to them. Please take 
the opportunity to visit the offices and to make 
yourselves known: you will be very welcome. 
Members of the society have been inquir- 
ing about implementation of the new training 
programme, which comprises three years at 
registrar grade and three at senior registrar 
grade. Many have expressed a wish for their 
centres or district general hospitals to be 
included in the new registrar rotations and 
have completed forms for the Joint Commit- 
tee on Higher Medical Training office. Up to 
the time of writing, the Royal College of 
Physicians of London and the Joint Planning 
Advisory Committee have not agreed on the 
number of registrar posts for medicine as a 
whole, and therefore the number protected 
for cardiology cannot be decided. We hope 
for early progress, but even after numbers 
have been decided much difficult work will 
have to be done by the college, the Specialty 
Advisory Committee, and perhaps by our 
own Training and Manpower Committee. 
We will keep you informed as best we can. 
Can there be life after RITA? The question 
has been posed by John Hampton. With the 
RITA (Randomised Intervention Treatment 
of Angina) trial nearing the end of its recruit- 
ment phase, the steering committee decided 
at a meeting in the autumn to consider the 
possibility of the group undertaking further 
trials of intervention. After a brief discussion 
of the possibilities, the decision was made to 
hold a clinical trials workshop under the joint 
sponsorship of the British Cardiac Society 
and the Briush Heart Foundation. The meet- 
ing was organised by John Hampton and 
Stuart Pocock; it was held at the British Heart 
Foundation on 15 March. After introductory 
presentations as a background to clinical 
trials by Desmond Julian and Tom Ryan (on 
sabbatical leave from Boston), four tnal 
protocols were presented. Raphael Balcon 
presented LIFT, a trial already in progress to 
examine the use of late intervention following 
myocardial infarction. Rob Henderson 
presented a proposal for a trial to compare 
PTCA and medical therapy in patients with 
angina who had had an angiogram, but who 
were found to have relatively mild disease so 
that either form of treatment would be tech- 


nically possible and clinically reasonable. 
Man Fai Shui presented a protocol designed 
to investigate the use of angioplasty in 
patients with unstable angina. Bob Wilcox 
presented a trial designed for district general 
hospitals rather than cardiac centres, in which 
patients with stable angina whose symptoms 
could be adequately managed with medical 
therapy were randomly allocated to coronary 
angiography (and to defined intervention 
thereafter) or to a continuation of medical 
treatment. All four tral protocols were 
discussed in detail in an air of cheerful 
criticism... Asa result, all the protocols were 
undoubtedly improved. All agreed that this 
had been a good forum, both to acquaint 
people interested in trials with the new 
proposals, and also to seek advice on the 
protocols from a group of physicians and 
surgeons with a wide range of backgrounds. 
Involvement in trials 1s relatively new to the 
British Cardiac Society. There are many 
forms that this may take: cooperation in the 
development of protocols for multicentre 
studies is particularly welcome and is one that 
we hope may be repeated. It may also be 
appropriate to help with modest funding 
through the new Medial Practice Committee, 
particularly for trials unlikely to attract sup- 
port from the mayor funding bodies or from 
the pharmaceutical industry. Some pilot 
studies may be in this category. 

More news of reports. The Fourth Joint 
Colleges Report on the Provision of Services 
for the Diagnosis and Treatment of Heart 
Disease will soon be ready for publication. 


, The reports come out about every five years. 


The last was in 1985. They are influential 
because the support of the Royal College of 
Physicians of London and the Royal College 
of Surgeons of England is both powerful and 
not partisan as regards specta! pleading. 
Sadly, however, many of the recommenda- 
tions of the last report have not been 
adequately implemented. The new report 
restates some important points that have been 
presented persuasively in the past. There is 
also a report soon to emerge from a joint 
working group from the Royal College of 
Physicians of London on cardiological 
intervention in elderly patients. ‘The commit- 
tee that compiled the report was chaired by 
Professor Maurice Lessof and the cardiac 
representatives were Desmond Sheridan, 
Michael Joy, and Ken Taylor. The important 
needs of the elderly for both medical and 
interventional treatment of cardiac disorders 
are often overlooked or disregarded. They 
tend to suffer disproportionately from ration- 
ing of scarce resources. But we should not 
overlook their needs. An increase in the 
average age of the population 18 an important 
demographic change that will continue over 
many years. Moreover, the elderly may ben- 
efit greatly from the technological aspects of 
modern cardiology that include pacing, sur- 
gery, and angioplasty. The report will be 
timely and welcome. 

Our colleagues in the Société Frangnise de 
Cardiologie are very active, and hold severai 
meetings each year. In January they 
introduced their first “Journées Européen- 
nes". Your President represented the British 
Cardiac Society, but the support from the 
United Kingdom wae  sparse—perhaps 
because the event was not widely publicised 
here. That may be our fault, so let us make 
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amends by suggesung that members consider 
attending the second meeting, which will take 
place in Paris from 16 to 18 January 1992. 
Abstracts have to be received by 15 July. 
More information can be obtained from SEC, 
15 rue de Madrid, 75008-Paris. (Tel: 33 1 43 
87 95 14). Knowledge of French ıs not 
essential—excellent simultaneous translation 
was available this year in the principal hall. It 
18 a Meeting that you would enjoy supporting 
DOUGLAS CHAMBERLAIN 
President, Brittsh Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Society, 


I St Andrews Place, 
London NW i 4LB 





“NOTICES 





1991 


The 7th International Symposium on 
Cardiopulmonary Emergencies will be 
held in Rotterdam on 19 to 22 November: 
Dr O Prakash, Thorax Centre, Dikzigt 
Hospital, Dr Molewaterplein 50, 3015 GD 
Rotterdam, The Netherlands (Fax. 31 10 463 
5240; Tel: 31 10 463 5230). 


The 6th Congress of Western Pacific 
Association of Critical Care Medicine 
will be held in Bangkok on 1 to 4 December 
Secretariat Office, 6th WPACCM, Depart- 
ment of Anaesthesiology, Siriraj Hospital, 
Bangkok 10700, Thailand 


The 8th Congress of “L’Information 
Cardiologique" on Advances in Cardi- 
ology wil be held in Paris on 6 and 
7 December: Dr A  Casullo-Fenoy, 
L'Information Cardiologique, Centre 
Cardiologique du Nord, 32-36 -avenue des 
Moulins Gémeaux, 93200 Saint Denis, 
France(Fax:(1)48200952; Tel (1)493341 41 
—(1) 48 20 18 21 


EM 1992 


© 


The Zémes Journées Européennes de la. 


Société Française de Cardiologie will 
take place ın Pars on 16 to 18 January 
(deadline for submission of abstracts 1s 15 
July-1991): SFC, 15 rue de Madrid, 75008 
Paris, France (Fax: (33) 1 43 87 17 14; Tel: 
(33) 1 43 87 95 14. 


The Annual Meeting of the British Cardiac 
Society will take place at the Harrogate 
International Centre on 26 to 29 May. 


The 13th International Symposium on 


Computer Assisted Decision Support: 


and Database Management in Anaes- 
thesia, Intensive Care and Cardio- 
pulmonary Medicine will be held m 
Rotterdam on 10 to 12 June: Dr O Prakash, 
Thorax Centre, Erasmus University, 3000 
DR Rotterdam, The Netherlands (Fax: 31 10 
463 5240; Tel: 31 10 463 5230). 
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Editorial 


HIV cardiomyopathy: A dark cloud with a silver 


lining? 


A wide variety of cardiac problems have been reported in 
patients infected with the human immunodeficiency virus 
(HIV). These include pericardial effusion, pulmonary 
hypertension and right heart failure, infective endocarditis, 
and tumours such-as lymphoma and Kaposi's sarcoma.’ 
However, left ventricular dysfunction caused by myo- 
carditis or cardiomyopathy is emerging as the most impor- 
tant cardiac manifestation of HIV infection.? 

. Retrospective analysis of necropsy studies showed 
evidence of clinically unsuspected dilated cardiomyopathy 
in up to 2594? and of myocarditis in up to 5294? of patients 
with the acquired immunodeficiency syndrome (AIDS). 
Similarly, echocardiography showed impaired myocardial 
function in up to 75% of patients with AIDS.* The 
reported incidence of these phenomena varies widely, 
probably reflecting differences in methodology as well as the 
patients’ risk group, stage of disease, and local environ- 
mental factors; nevertheless, it seems that HIV cardio- 
myopathy is a common condition in the later stages of the 
disease and that it affects patients 1n all major risk groups.? 

The increasing success in combating opportunistic 
infections and slowing the progress of HIV disease itself 
may mean that many patients who otherwise would have 
died of non-cardiac illnesses will now survive to develop 
HIV cardiomyopathy. Indeed, end-organ failure and 
tumours are likely to become the predominant causes of 
death in patients infected with HIV. This, combined with 
the predicted rise in the number of infected individuals, 
particularly heterosexuals, is likely to lead to a substantial 
increase in the incidence of HIV cardiomyopathy. 

In our experience HIV related myocardial dysfunction 
may easily be overlooked because of the tendency to 
attribute symptoms such as breathlessness and fatigue to 
respiratory disease or anaemia. If nothing else, this denies 
the victim the opportunity of palliative treatment. The 
diagnosis is readily made by echocardiography which can 
show dilatation or impaired contractility or both of either 
or both ventricles. While isolated mght ventricular dys- 
function can be caused by cardiomyopathy, it can also be 
caused by pulmonary hypertension secondary to repeated 
respiratory infections, thromboembolic disease, or re- 
current pulmonary emboli from intravenous debris 
acquired through drug abuse. 

Endomyocardial biopsy in patients with heart failure 
associated with HIV infection has been performed in 
several centres and has identified myocarditis caused by 
potentially treatable infections with organisms such as 
Toxoplasma gondu.” The value of cardiac tissue obtained by 
these means is likely to be enhanced by the application of 
techniques such as the polymerase chain reaction and in 
situ hybridisation, which can be used to detect the presence 
of opportunistic organisms and the human immuno- 
deficiency virus itself. 


The pathogenesis of HIV cardiomyopathy, particularly 
its relation to myocarditis, has not been established. 
However, it seems likely that myocarditis acts as the 
substrate for the development of HIV cardiomyopathy and 
that the two conditions form a continuum. Necropsy 
studies in patients with HIV cardiomyopathy have shown 
huge variations in the prevalence of concomitant myo- 
carditis.” è T his may reflect sampling errors, the difficulty of 
applying diagnostic criteria based on the combination of 
myocyte necrosis and an inflammatory infiltrate when the 
ability to mount an inflammatory response 1s impaired, and 
differences in the stage of disease. 

Myocarditis may be caused by cell damage caused by 
activation of the immune system; by opportunistic infec- 
tion with organisms such as Aspergillus fumigatus,’ 
cytomegalovirus,? and Cryptococcus neoformans''; or by the 
human immunodeficiency virus itself." 

Activation of the humoral and/or cellular limbs of the 
immune system may cause damage directly,’ or by means of 
a bystander effect," where non-infected cells are destroyed 
by cytotoxic agents released during the course of an 
immune response directed against an infected minority cell 
population (for example, macrophages, T lymphocytes). 
Autoimmune damage may also occur as a result of altera- 
tions in the structure or expression of cardiac antigens. 
Finally, some of the agents used to treat HIV associated 
opportunistic infection or retard the progression of the 
disease itself may be cardiotoxic; for example, pentamidine 
has been associated with malignant ventricular arrhyth- 
mias." HIV cardiomyopathy probably represents the end 
stage of various insults operating concurrently and perhaps 
synergistically. Clearly there is a need to perform prospec- 
tive studies to establish the true incidence, pathogenesis, 
and natural history of the condition. 

The relation between myocarditis and idiopathic dilated 
cardiomyopathy is uncertain though the cardiomyopathy 
may develop from myocarditis. A similar sequence may 
occur in HIV myocardial disease. The scourge of syphilis 
in the early part of this century led to greater understanding 
of the pathophysiology of cardiovascular disease. HIV 
cardiomyopathy offers a similar opportunity to unravel 
the pathogenesis of idiopathic dilated cardiomyopathy. 
Although HIV cardiomyopathy may not have a unified 
aetiology, it occurs in a well-defined group of patients who 
can be studied premorbidly, and the associated viral 
antigens are highly characterised. We have, therefore, an 
exciting chance to document the natural history of a new 
disease and correlate this with external risk factors, 
individual susceptibility, and immunological events in 
blood and cardiac muscle. 

HIV cardiomyopathy is a dark cloud that threatens to 
become an ever increasing problem, presenting cardio- 
logists with considerable clinical challenges. This will be 
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tempered by a silver lining of opportunities to enhance our 
knowledge of’ the mechanisms underlying idiopathic 
dilated cardiomyopathy. 
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Outcome of extensive coronary artery dissection 
during coronary angioplasty 


Tim R Cripps, John M Morgan, Anthony F Rickards 


Abstract 

A total of 32 (3°6%) patients of 880 
undergoing coronary angioplasty during 
a nine year period at one hospital had 
extensive dissection (defined as a dissec- 
tion extending beyond the limits of the 
dilated angioplasty balloon) in the 
coronary artery in which the angioplasty 
procedure was performed. Two (6:2594) 
of the 32 patients (both of whom were 
undergoing angioplasty because of un- 
stable angina that was refractory to 
medical treatment) died as a con- 
sequence of the coronary artery dissec- 
tion. Twelve (38%) needed immediate 
coronary artery bypass surgery and 
11 (34%) had a myocardial infarction, 
which in four was minor in extent. 
During follow up, 20 of the 32 patients 
were successfully managed by medical 
treatment; only two needed further 
angioplasty procedures. There were no 
late deaths. Extensive coronary artery 
dissection is a serious complication of 
coronary angioplasty, with a high early 
mortality and a high incidence of 
infarction and requirement for bypass 
surgery. None the less, patients with 
extensive dissection who are free from 
the manifestations of acute ischaemia at 
the end of the procedure can be managed 
conservatively and have a good im- 
mediate and medium term outlook. 
Attempts should be made to stabilise 
extensive dissection during coronary 
angioplasty so that surgical intervention 
can be delayed or avoided altogether if 
possible. 


Coronary artery dissection 1s a well recognised 
complication of coronary angioplasty.’ The 
dissection may be localised at the dilatation 
site or may extend distally along the length of 
the arterial lumen. 

Though localised dissection and plaque 
splitting are probably important mechanisms 
underlying successful dilatation’? most acute 
ischaemic complications of coronary angio- 
plasty are associated with an intimal tear.^? 

Several studies have been directed towards 
establishing an association between the 
occurrence of localised dissection and vessel 
occlusion, but few have focused on major 
dissections that extend beyond the length of 
the angioplasty balloon. 


Patients and methods 

From 1980 to 1989, 880 patients were recorded 
as undergoing coronary angioplasty at the 
National Heart Hospital, London. A computer 
based search found that 32 patients had had 
extensive coronary artery dissection during the 
angioplasty procedure. This excluded those in 
whom dissection occurred during recanalisa- 
tion of an occluded vessel (n = 2) or in whom 
dissection was caused during manipulation of 
the guiding catheter (n = 1). 

Extensive dissection was defined as angio- 
graphic evidence of dissection extending 
beyond the segment of arterial wall that was 
contiguous with the fully dilated angioplasty 
balloon. 

Of these 32 patients, 27 (84°) were men and 
5 (16%) were women, Their mean age was 57 
years (median 57 years, range 25-81). The 
procedure was performed in 25 (7874) patients 
with chronic stable angina, in five (16955 with 
unstable angina or evolving acute myocardial 
infarction, and in two (694) for other reasons 
(after infarction in one patient aged 25 and 
during an evolving acute infarct in another). 

Three patients had undergone one earlier 
coronary artery bypass operation; in one 
patient, surgery had been performed on two 
occasions. In three patients an earlier anglo- 
plasty had been performed. 

Percutaneous transluminal angioplasty was 
performed with standard techrigues and 
equipment. The fernoral approach was used m 
all patients. f Blockers were stopped for 24 
hours and aspirin given on the evening before 
the procedure. Intravenous heparin, 100 U/kg, 
was given routinely at the start and calcium 
antagonists were started after the procedure. 
Other antianginal agents were introduced sub- 
sequently as clinically indicated. 

The policy on emergency surgery was as 
follows. When dissection occurred an attempt 
was made to “tack back" the dissection by long 
duration, low pressure inflations, often with an 
oversized balloon. When this approach was not 
successful, the patient was transferred for 
immediate surgery if there was continuing 
chest pain and electrocardiographic evidence 
of myocardial ischaemia, or haemodynamic 
instability. All patients who were managed 
medically had evidence of distal coronary flow 
at the end of the procedure. 

Towards the end of the study period, balloon 
laser angioplasty and the intracoronary stent 
became available. These techniques were used 
only when the conventional tacking back 

















procedures had failed and where there was 
continuing ischaemia, in other words, in those 
patients who otherwise would have proceeded 
to emergency surgery. 


Results 
One artery was dissected in each of the 32 
patients. The artery affected was the left 


anterior descending in 17 (53%), the right 
coronary artery in 11 (34%), the circumflex 
branch of the left coronary artery in three (9%), 
and a saphenous vein bypass graft to the right 
coronary artery in one (3%) patient. 

Two patients (6:25?5) died as an early con- 
sequence of the coronary arterial dissection 
despite early emergency bypass surgery. The 
two patients who died were clinically unstable 
before the procedure, with prolonged 
spontaneous ischaemic episodes unresponsive 


artery by laser balloon angioplasty. 
proximal right coronary artery stenosis 
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Management of extensive dissection of the right coronary 
A) Initial severe 
arrow indicates 
site of stenosis). ( B) After a conventional dilatation 
procedure there was extensive dissection resulting in vessel 
ecclusion (arrow indicates dissection flap; beyond this the 
distal vessel is replaced by a faint pool of extravascular 
contrast). The artery was reopened by low pressure 
dilatation with an oversized balloon but it closed again 
afterwards. (C) A laser balloon was then used to heat- 
weld the dissection flap at several points ( arrows indicate 
dissection flap). Appearances were stable at restudy one 
week later. All the views are the left anterior oblique 
projection. 


to full medical treatment including intravenous 
nitrates; and one was elderly (73 years). 

A diagnosis of myocardial infarction (based 
on the presence of at least two of the following: 
typical chest pain, new persistent electro- 
cardiographic changes, or an increase in cardiac 
enzyme concentration above the upper limit of 
the reference range) was made in 11 (34%) 
patients. In four of them, however, the increase 
in serum enzyme was small and the infarctions 
were not associated with the development of 
new Q waves; the seven remaining patients had 
a Q wave infarction. Of those managed non- 
surgically after extensive dissection, only one 
had a Q wave infarct (inferior). 

Immediate surgery was undertaken in 12 

38") patients, because of continuing evidence 
of ischaemia, which could not be controlled by 
angioplasty techniques. The 12 patients 
included the two referred to above, who did not 
survive the operation. The remaining 10 
patients survived the follow up period. Six of 
the 12 patients (including the two who died 
who did have surgery had a Q wave infarction 
despite surgical intervention. This confirms 
that emergency surgery does not necessarily 
prevent myocardial infarction. In none of the 
patients was graft placement complicated by 
the presence of coronary artery dissection. 

In all the patients, attempts were made first 
to stabilise the dissection medically, by the 
conventional approach of long duration, low 
pressure inflations, with an oversized angio- 
plasty balloon. This was unsuccessful in all 12 
of those who proceeded to emergency surgery 
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Extensive dissection during angioplasty 


and in two others—one in whom a laser balloon 
angioplasty device (USCI) was used to heat- 
weld the dissection flap (figure) and another in 
whom an intracoronary self-expanding stent 
(Medinvent)" was inserted to restore distal 
perfusion. In the remainder, tacking back was 
successful to a variable extent, but in all of them 
there was perfusion of the distal vessel at the 
end of the procedure. 

Follow up continued (in those who survived 
the procedure and did not require surgery) for a 
mean of 19 months (median 7 months, range 1- 
50). No patient was lost to follow up, and no 
patient died during long term follow up. Two 
patients had elective surgery two months after 
the initial procedure for continuing disabling 
anginal symptoms that were unresponsive to 
medical treatment. 

Of the 20 patients (63%) who survived the 
initial procedure and did not undergo surgery, 
three (15%) have grade III angina (Canadian 
Cardiovascular Society Classification) on 
medical treatment, but the other 17 have either 
no angina or minimal symptoms only. 

Angiographic follow up was obtained in 12 
patients. The figure shows an example of one 
such patient with a persistent stable coronary 
artery dissection. In seven of these 12 patients 
follow up angiography showed that the dissec- 
ted vessel was patent. 


Discussion 

Extensive coronary artery dissection arising 
during the course of coronary angioplasty is a 
serious complication with a relatively high 
incidence of death, myocardial infarction, and 
the need for emergency coronary artery bypass 
surgery. We found, however, that in those 
patients with angiographically stable appear- 
ances with distal vessel perfusion and no 
ischaemic manifestations at the end of the 
procedure even extensive dissection was well 
tolerated in both the short and medium term so 
that immediate surgical intervention was not 
required. 

It has been recognised for many years that 
localised dissection is a common finding after 
angioplasty, and that such localised intimal 
disruption usually heals well.’ Some degree of 
intimal disruption and plaque splitting may 
well underlie a successful angioplasty result.” 
None the less, in some patients dissection is 
associated with serious ischaemic complica- 
tions including vessel occlusion. 

Murphy et al found that 12 (70%) of 17 
patients who needed surgery because of 
refractory ischaemia after angioplasty had 
coronary dissection.’ In another report 14 
(70%) of 20 patients in whom acute occlusion 
developed after angioplasty had an intimal 
tear." In a report of 500 consecutive procedures 
performed in Geneva, there were 30 acute 
occlusions, of which 21 (70%) showed evidence 
of dissection at the end of the procedure.’ 
Bredlau et al reported a 6-5 fold increase in 
the risk of a major complication (emergency 
surgery, myocardial infarction, or death) when 
there was angiographic evidence of an intimal 
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dissection, while the major complication rate in 
those without dissection was only 1-555.^ 

Shiu ef al found angiographic evidence of 
dissection in six out of 20 patients with total 
occlusions, four of whom required surgery; one 
of those managed medically died, though the 
other had a successful result and repeat 
angiography showed healing of the dissection." 

Few previous reports focused on the con- 
sequences of major dissection, the angic- 
graphic appearances of which may be alarming 
(figure). In one such report, Black er al found 
that the dissection length was related to the 
occurrence of complications (ischaemic chest 
pain, myocardial infarction, need for bypass 
surgery, or death) late after the procedure (after 
the patient had left the laboratory), but their 
study included only seven patients of the type 
forming the basis of our report (tear > 15 mm) 
and four of them had ischaemic complications.’ 

We found that two thirds (20/32) of the 
patients with extensive dissection survived 
without surgical intervention, with evidence of 
Q wave myocardial infarction in only one 
patient, who had an inferior infarct. None of 
these 20 patients managed without surgery 
required bypass surgery during follow up, and 
17 now have no symptoms or mild angina only. 

On the other hand, the seriousness of dissec- 
tion should not be underestimated. The overal! 
mortality in our series was 6°25%, and 38% of 
patients required bypass surgery. These figures 
are higher than would be expected for uncom- 
plicated angioplasty procedures. Further- 
more, though 20 patients survived to long term 
follow up, three have significant angine on full 
medical treatment and may require further 
intervention in the future. 

Coronary artery bypass surgery can be 
complicated in patients with extensive 
coronary artery dissection by the need to re- 
establish the true lumen." There is a risk of 
placing a graft in the subintimal plane. Bypass 
grafting was achieved without difficulty in all of 
our operated cases. 

The conventional treatment for coronary 
artery dissection occurring during coronary 
angioplasty is to attempt to tack back the 
dissection flap by long duration low pressure 
inflations often with an oversized angioplasty 
balloon," This approach was successful 
in about half of our cases. In two patients in 
the later part of the series, however, novel 
approaches were used in patients who other- 
wise would have required surgery. In one, laser 
balloon angioplasty was used to stabilise the 
dissection and in the other an intracoronary 
stent was inserted. In both, the symptomatic 
and angiographic results were excellent and 
surgical intervention was avoided. The 
application of such novel methods may allow 
even more patients with extensive dissection to 
be managed conservatively. Immediate surgery 
for acute dissection is essential where ischaemia 
persists despite attempts to stabilise the patient 
non-surgically but in many cases it seems that it 
is possible to stabilise the dissection by angio- 
plasty techniques, and in our experience the 
outcome is good in such cases. It may be that 
with increased use of adjuncts to conventional 


angioplasty, including intracoronary stents‘ 
and the laser balloon" the proportion of 
patients requiring emergency surgical 
intervention can be further reduced. 

Extensive coronary artery dissection is a 
serious complication of coronary angioplasty, 
with a high mortality, inciderice of myocardial 
infarction, and requirement for immediate 
bypass surgery. However, most patients who 
suffer this complication seem to do well in the 
medium term with conservative management; 
this allows elective surgical intervention to be 
considered. 
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Plasma endothelin in coronary venous blood from 
patients with either stable or unstable angina 


J T Stewart, J A Nisbet, M J Davies 


Abstract 

Study objective—To test the hypoth- 
esis that the active coronary endothelial 
lesions in unstable angina raise the 
endothelin concentration in coronary 
venous blood. 

Design—Systemic and coronary ven- 
ous blood samples were obtained from 
unselected patients with the clinical syn- 
dromes of either stable or unstable 
angina at the time of cardiac catheter- 
isadon and coronary arteriography. 
Control venous blood samples were 
obtained from healthy laboratory work- 
ers and from patients with chronic renal 
failure treated by intermittent haemo- 
dialysis. 

Patients—Twelve patients with angina: 
seven with stable symptoms and five with 
unstable angina. 

Results—The mean coronary venous 
endothelin concentration in unstable 
angina was 2:32 ng/l (range 1-7-3-2 ng]l). 
In stable angina it was 2:77 ngjl (range 
2:1—-4:4 ng]l) These values were not sig- 
nificantly different from one another nor 
from the values obtained in systemic 
venous blood from either group or from 
the healthy controls. Circulating endo- 
thelin concentrations were much higher 
in venous blood from the patients 
treated by haemodialysis. 

Conclusions—These data do not sup- 
port the hypothesis that raised endo- 
thelin concentrations in coronary blood 
in patients with unstable angina may 
modulate variations in coronary arterial 
tone thereby contributing to the clinical 
syndrome of chest pain and electrocar- 
diographic changes at rest. The raised 
endothelin concentrations seen in sys- 
temic venous blood after myocardial 
infarction may be part of the systemic 
response to myocardial infarction. 


‘There is increasing evidence that the vascular 
endothelium helps to regulate vascular 
smooth muscle tone. Endothelium dependent 
vasodilatation was first reported in 1980,! and 
a vasoconstrictor substance derived from cul- 
tured endothelial cells, now called endothelin, 
was reported some years later.^* Although its 
exact physiological role is not yet known, 
endothelin mediated vasoconstriction may be 
induced by various hormonal, neural, and 
mechanical stimuli. Endothelin release is 
stimulated by, among other things, thrombin‘ 
and sheer stress,’ suggesting that it may play a 


role in local haemostasis and implying that an 
important stimulus to its release is local 
endothelial cell injury. High circulating con- 
centrations of endothelin have also been dis- 
covered in patients with acute renal failure? 
and in those with chronic renal failure receiv- 
ing haemodialysis, but not in those with 
chronic renal failure who are not receiving 
dialysis. Endothelial injury, particularly dur- 
ing haemodialysis, has been proposed as the 
explanation for this observation. The reported 
intraoperative increase in circulating endo- 
thelin concentrations in patients undergoing 
abdominal surgery was attributed to vascular 
endothelial cell injury during surgical mani- 
pulation.? 

In acute coronary syndromes, including 
unstable angina, there is endothelial damage 
and thrombus formation in the coronary cir- 
culation.”"! On theoretical grounds such 
stimuli might be expected to stimulate 
endothelin production in the coronary circula- 
tion. If this were so, it might help to explain 
the apparently spontaneous variations in 
coronary tone seen in unstable angina and 
"stuttering myocardial infarction". Thus 
endothelin released locally as a result of 
endothelial injury and thrombus formation 
might influence symptoms and outcome in 
acute coronary syndromes. 


Patients and methods 

Endothelin concentrations were assayed in 
coronary sinus blood and in paired samples of 
systemic venous blood in 12 patients (eight 
men and four women, aged 40-73) with 
angina, at the time of cardiac cathetertsation 
and coronary arteriography. Seven patients 
had chronic stable angina; in five of them 
(71%) there was multivessel coronary disease. 
The other five had unstable symptoms, with 
chest pain and ST segment depression at rest, 
from 4 to 24 hours before catheterisation; 
multivessel coronary disease was present in 
three (60%). All the patients with unstable 
angina were receiving intravenous nitrate and 
heparin infusions at the time of angiography. 
No patient, in either group, complained 
of angina during coronary arteriography. In- 
formed consent was obtained before the 
procedure and all patients had been fasting for 
at least six hours before catheterisation was 
performed. The results were compared with 
endothelin concentrations assayed in samples 
of venous blood obtained from patients with 
chronic renal failure treated with regular 
haemodialysis. 


Before angiography took place in 10 


patients the coronary sinus was intubated with 
a polyethyline 7F Sones catheter (Cordis UK, 
Brentford, Middlesex), positioned from the 
left subclavian vein. In the remaining two 
patients, the coronary sinus was intubated 
with a woven Dacron thermodilution catheter 
(Webster Laboratories, Baldwin Park, 
California) approximately 10 munutes after 
coronary arteriography had been performed. 
In all patients the tip of the catheter was 
positioned approximately 2:5 cm from the os 
of the coronary sinus, to minimise tbe risk of 
admixture of right atrial blood in the samples; 
a satisfactory catheter position was confirmed 
by the hand injection of radiographic contrast. 

Paired 8 ml samples of coronary venous and 
systemic venous (either right atrial or pul- 
monary arterial blood were collected into 
refrigerated tubes containing sodium EDTA 
1-5 mg/ml and aprotonin 500 KIU/ml and 
stored on ice. Samples were centrifuged at 
2'C, separated within an hour of collection, 
and stored at —70°C for up to three months 
(two months on average). During this period 
venous blood was also collected from a group 
of healthy controls and from a group of 
patients with chronic renal failure, on a 
programme of regular haemodialysis. 

Endothelin was assayed .according to the 
Peninsula Laboratories’ protocol, modified to 
increase sensitivity by extracting 4 ml plasma 
instead of 2 ml. Acidified plasma was applied 
to a C18 Sep column, and after this was 
washed with 0:1% trifluoroacetic acid endo- 
thelin-like materials were eluted with 60% 
acetonitrile in 0-1% trifluoroacetic acid. The 
eluant was evaporated to dryness and the 
residue was reconstituted in 0 6 ml of buffer. 
Endothelin was then measured with the 
Peninsula radioimmunoassay kit. Low con- 
centration and high concentration quality 
control samples were prepared by adding 
endothelin to EDTA plasma, stored in 
aliquots at — 70°C, and assayed in each batch 
throughout the study period. Recovery of 
endothelin throughout the entire procedure 
was assessed by the addition of 4 ng/l and 
32 ng/l endothelin to EDTA plasma from 
healthy controls. 


Results 

The mean plasma endothelin concentration in 
coronary sinus blood in the patients with 
unstable angina was 2 32 ng/l (range 1:7-3-2), 
and in the patients with stable symptoms it was 
277 ng/l (range 2-14 ng/l). These values 
werenot significantly different from oneanother 
or from the mean values obtained in systemic 
venous blood—that is, 2 42 (range 1 9-3-5) ng/l 
and 2:57 (range 2:0-3-1) ng/l in the unstable 
and stable groups respectively. The endothelin 
values in systemic blood from the patient 
groups were similar to those found in 15 
healthy laboratory workers (mean 30 ngjl, 
range 2 0-5-9). In contrast, circulating endo- 
thelin concentrations in the patients receiving 
haemodialysis for chronic renal failure were 
much higher, with a mean value of 8 4 ng/l 
(range 5-0-13 3 ng/D, which accords with that 
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Endothelin concentrations in systemic ( V) and coronary 
(CS) venous blood in patients with unstable or stable 

angina and in systemic venous blood from healthy 

raed workers and from patients with chronic renal 
auure, 


reported in such patients by other groups.’ The 
figure shows the results. 

Recovery of added endothelin was 84% 
irange 75-89%, n = 6) and 98% (range 76— 
118%, n = 4) for the addition of 4 and 32 ng/l 
respectively. Endothelin values (mean (SD)) in 
the low concentration and high concentration 
quality control samples, analysed with each 
batch, were 7-85 (2-18) ng/l and 38-3 (8 0) ng/l 
respectively (n = 8). In the high concentration 
quality control sample, however, the endo- 
thelin values were approximately 30% lower 
after 7-5 months storage at — 70°C. 


Discussion 

We did not show an increase in endothelin 
concentration in the coronary circulation or in 
the systemic circulation of patients with either 
stable or unstable angina. The kinetics of 
endothelin synthesis and release are such that 
we would have expected to detect raised con- 
centrations in the coronary venous blood of 
taese patients if endothelin-modulated vari- 
ations in coronary arterial tone contributed to 
the chest pain and electrocardiographic 
changes of unstable angina. 

These data must be interpreted in the light of 
recently published work from Yasuda et al, 
who showed raised plasma endothelin concen- 
trations in systemic venous blood from nine 
patients with acute myocardial infarction but 
not from 10 patients with stable angina." 
Endothelin concentration in venous blood was 
highest within 24 hours of myocardial infarc- 
tion and fell gradually over a period of 14—16 
days to the value found in controls who did not 
have coronary artery disease. In the infarct 
patients there was a significant association be- 
tween plasma endothelin concentration and left 
ventricular wall motion abnormality, and be- 
tween plasma endothelin concentration and 
systemic markers of activation of the coagula- 
tion system (thrombin-antithrombin III com- 
piex, and f-thromboglobulin), but not between 
endothelin concentration and systemic blood 
pressure. The highest concentrations seen, 
however, were in two patients in Killip subset 


IV—that is in the two patients with the largest 
infarcts and greatest haemodynamic distur- 
bance. 

The source of the endothelin in the infarct 
patients was not identified, but the inference 
was that it arose in the coronary circulation. 
Unlike other vasoactive peptides found in the 
coronary circulation, endothelin is not stored in 
subcellular vesicles. This makes it unlikely that 
it could arise from lysed endothelial cells within 
the infarct, but stimulated endothelial cells in 
the border zone of the infarct are a possible 
source. Another possibility is that the endo- 
thelin was produced in extracardiac sites as part 
of the systemic response to myocardial infarc- 
tion, perhaps secondary to the hyper- 
coagulability and platelet hyperreactivity seen 
in acute myocardial infarction or to increased 
sympathetic activity. (The same group has 
published data showing that adrenaline 
increased endothelin production from cultured 
porcine endothelial cells!*.) 

Yasuda et al speculated on the possible 
physiological.or pathophysiological effects of 
endothelin in acute myocardial infarction. 
There may be a role for a powerful vasocon- 
stricting and positively inotropic agent in the 
patient who is hypotensive after infarction, 
and, despite the lack of a significant association 
between endothelin concentration and sys- 
temic blood pressure in this study, the high 
concentrations in the two patients in Killip 
-class IV are intriguing. Raised concentrations 
were found in patients with cardiogenic shock, 
whereas, in the same study, the concentrations 
in patients with stable congestive heart failure 
were not raised. Our data, which show no 
increase in endothelin concentration in coron- 
ary sinus blood or systemic venous blood from 
patients with unstable angina pectoris support 
the contention that the raised endothelin 
production was part of the systemic response to 
acute myocardial infarction. 

The assay showed the expected high concen- 
trations of circulating endothelin in patients 
with chronic renal failure on haemodialysis, 
which suggests that the low concentrations 
measured in the patients with coronary artery 
disease were probably valid, although the 
quality control data showed that assay pre- 
cision during the study was not good. The high 
concentration quality control sample seemed to 
be unstable, which casts doubt on the reliability 
of the data based on it, at least in the assessment 
of precision. No decrease in endothelin was 
seen for the low concentration quality control 
sample, but this could have been masked by 
imprecision. If there had been any loss in 
endothelin activity in the patients’ samples it 
would not have explained our failure to detect a 
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difference in endothelin concentration between 
venous and coronary sinus blood. Paired sam- 
ples of systemic and coronary venous blood 
were stored for the same length of time and 
were analysed together in the same batch. It is 
still possible, however, that small increases in 
endothelin concentration in coronary sinus 
blood compared with systemic venous blood 
remained undetected by the methods we used. 
If this were so, a sensitive immunometric assay 
without column extraction would have been 
more appropriate. 

Although endothelin is not available for 
immediate release, its synthesis in the face of 
endothelial injury seems to be rapid, as is its 
appearance in systemic blood after myocardial 
infarction." We would expect, therefore, that 
patients with symptoms of unstable angina for 
several days and active intimal lesions would be 
producing endothelin. We were not able to 
show an increase in endothelin concentration in 
the coronary circulation, and ıt is still not 
certain whether endothelin helps to modulate 
coronary vasomotor tone in unstable angina 
pectoris. Its origin and its role in patients with 
acute myocardial infarction remain to be 
established. . 
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‘Thrombolytic treatment in acute myocardial 
infarction: neutrophil activation, peripheral 
leucocyte responses, and myocardial injury 


Kulasegaram Ranjadayalan, Velaitham Umachandran, Simon W Davies, 
Denise Syndercombe-Court, Charles N Gutteridge, Adam D Timmis 


Abstract 

Objective—To examine early leucocyte 
responses and neutrophil activation in 
acute myocardial infarction treated by 
streptokinase and to relate the findings to 
coronary recanalisation and indices of 
myocardial damage in order to provide 
further information about the role of 
neutrophils in the evolution of injury. 

Design—Group analysis of paired 
blood samples, obtained before strepto- 
kinase treatment and one hour after it, 
and of three indirect measures of myo- 
cardial injury: left ventricular ejection 
fraction, QRS score, and peak creatine 
kinase. 

Setting—-The coronary care unit of a 
district general hospital. 

Patients—39 patients with acute myo- 
cardial infarction who underwent paired 
blood sampling (before streptokinase 
and one hour after streptokinase) and 
cardiac catheterisation 5 (3-8) days later. 

End points—Changes in peripheral 
white cell and neutrophil counts and 
plasma elastase one hour after strepto- 
kinase infusion. Comparison of these 
variables in patients with and without 
patency of the infarct related coronary 
artery. Correlations between these 
variables and indirect measures of 
myocardial injury. 

Results—Neutrophil activation, as 
reflected by plasma elastase, increased 
sharply one hour after streptokinase. 
Total white cell and neutrophil counts 
also increased. Changes tended to be 
more pronounced in patients with 
patency of the infarct related artery, 
though the trend was not statistically 
significant. Neutrophil activation before 
streptokinase was unrelated to indirect 
indices of myocardial injury but only one 
hour after streptokinase a weak negative 
correlation with left ventricular ejection 
fraction had developed. Peripheral 
neutrophil responses showed a similar 
relation to ejection fraction and also 
correlated with peak creatine kinase and 
QRS score. 

Conclusions—Thrombolytic treat- 
ment in acute myocardial infarction is 
associated with an abrupt reactive 
neutrophil response which provides an 
early measure of injury. It is also 


associated with neutrophil activation, 
probably in response to coronary recan- 
alisation and myocardial reperfusion. 
Activated neutrophils are recognised as 
mediators of reperfusion injury in ex- 
perimental infarction and the data in the 
present study provide preliminary evi- 
dence of a similar pathogenic role in the 
clinical setting. 


The benefits of thrombolytic treatment for 
reducing mortality in acute myocardial infarc- 
tion are well established"? but residual left 
ventricular dysfunction usually persists even 
when thrombolysis is successful in restoring 
coronary patency.*? Residual left ventricular 
dysfunction largely reflects damage incurred 
during the ischaemic period but damage at the 
zime of reperfusion can also contribute.’ 

We have previously reported evidence that 
oxygen derived free radicals are generated in 
response to myocardial reperfusion in patients 
treated with streptokinase'? and more recently 
we have provided preliminary data relating 
the free radical response to eventual infarct 
size. Activated neutrophils are a potent 
source of oxygen derived free radicals and 
there 1s a large body of experimental data 
indicating that they may be important in the 
pathogenesis of reperfusion  injury.?? 
Neutrophil infiltration of the infarct territory 
can be shown within three to six hours of 
coronary occlusion and is particularly pro- 
nounced after reperfusion. Reperfusion 
provokes various chemotactic mechanisms 
including the complement system and coagu- 
lation pathways" that activate neutrophils and 
lead to release of oxygen derived free radicals, 
arachidonic acid metabolites, and lysosomal 
enzymes all of which are toxic to vascular 
endothelium and cardiac myocytes and may 
contribute to the extension of myocardial 
injury.'©’® Evidence for the pathogenic role of 
neutrophils in experimental reperfusion 
injury is strengthened by the demonstration of 
myocardial protection with neutrophil 
depleted perfusates or agents that suppress 
neutrophil chemotaxis." ? 

Despite the body of experimental data 
implicating neutrophils as mediators of reper- 
fusion injury, clinical data are scarce and the 
importance of this mechanism in patients with 
acute myocardial infarction is unknown. The 
purpose of the present study, therefore, was to 
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Table { Data on panents P 
Variable Result 
Number of patents 39 
oe. (years) (median (range)) 57 (47-67) 
Male 29 
Female 10 
Infarct location: 
Anterior 18 
Inferior 21 
History of previous infarction 


6 
Time to streptokinase (min) (median 210 (165-348) 
(range)) 


Time to cardiac catheterisatnion (days) 5 (3-8) 
(median (range)) 
Infarct reiated coronary artery: 
R ised 34 
Non-recanalised 5 
Coronary artery disesse: 
1 Vessel 16 
2 Vessel 10 
3 Vessel 
Left ventricular ejection fraction (96) 57 (47-67) 
(median (range)) 


examine the interaction of thrombolytic treat- 
ment and neutrophil activation in patients 
with acute myocardial infarction and to relate 
the findings to coronary recanalisation and 
indices of myocardial damage.in order to 
provide further information about the role of 
neutrophils in the pathogenesis of reperfusion 
injury. 


Patients and methods 

PATIENTS z 

We studied a consecutive series of 39 patients 
with acute myocardial infarction receiving 
thrombolytic treatment in whom we obtained 
a complete set of paired blood samples for 
white cell and neutrophil counts and plasma 
neutrophil elastase (table 1). All were treated 
with 1-5 MU of streptokinase infused intra- 
venously over one hour. The median time 
from onset of continuous severe chest pain to 
start of streptokinase infusion was 210 (165- 
348) minutes. 


BLOOD SAMPLING AND ANALYSIS 

Paired venous blood samples were obtained 
immediately .before thrombolytic treatment 
and again one hour after the streptokinase 
infusion. Samples were drawn without venous 
occlusion and anticoagulated in EDTA for 
measurement of total leucocyte and neutrophil 
counts and in citrate for measurement of 
plasma neutrophil elastase. Leucocytes and 
neutrophils were counted by a Coulter S+ V1 
automated blood cell counter. Samples for 
neutrophil elastase were centrifuged and the 
plasma frozen to —20'C within 30 minutes of 
the blood being drawn. The plasma samples 
were stored at —80'C for analysis in one 


11 


sensitive double antibody sandwich ELISA 
(Merck kit 15689 Immunoassay  Poly- 
morphonuclear Elastase). The detection limit 
of the test is approximately 0-25 ng elastase in 
complex bound form. 


ELECTROCARDIOGRAPHIC AND ENZYMATIC DATA 
Predischarge 12 lead  electrocardiograms 
adequate for QRS scoring were obtained in 27 
patients seven (range 5-9) days after admis- 
sion. Scoring was by the 29 point system 
described by Palmeri et al? on the basis of the 
Q and R wave duration and the R to Q and R 
to S amplitude ratios. Blood samples for 
creatine kinase activity were obtained on 
admission to hospital, and on the next two 
consecutive mornings according to the policy 
of our coronary care unit. À complete set of 
three creatine kinase measurements was ob- 
tained in 29 patients. 


CARDIAC CATHETERISATION 

All patients gave written informed consent for 
coronary arteriography and single plane (right 
anterior oblique) left ventriculography. 
Studies were performed five (range 3—8) days 
after hospital admission to determine the 
patency of the infarct related coronary artery, 
the extent of associated coronary artery dis- 
ease, and left ventricular function. Patency of 
the infarct related coronary artery was asses- 
sed by TIMI criteria? Left ventriculograms 
suitable for quantitative analysis of ejection 
fraction by the method of Sandler and 
Dodge” were obtained in 31 patients. Of 
these, four had a history of previous Q wave 
infarction, leaving 27 studies suitable for 
assessment of myocardial injury in the present 
study. 


STATISTICAL ANALYSIS 

In all analyses, non-parametric (distribution 
free) statistics were used. Values were expres- 
sed as median with the interquartile range in 
parentheses. For unpaired comparisons we 
used the Mann-Whitney U test and for paired 
comparisons the Wilcoxon test. We used the 
Spearman rank correlation coefficient to 
examine correlations. 


Results 

BASELINE VALUES (TABLE 2) 
Blood samples obtained at the time of admis- 
sion, before treatment with streptokinase, 
showed modest increases in mean white cell 
and neutrophil counts. Plasma neutrophil elas- 
tase was also increased but showed-fió-$ Sik 
cant relation with the neutrop se 
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Table 2 Changes in us cells, neutrophils, amd plasma SEEN elastase before and one Rois the infarct related artery was M 


Arnase (median (rang 
idi liie chemin pg Neca patients. Only five patients ha 
Variable Before streptokinase I h after streptokinase P coronary occlusion. The total white cell " 
| neutrophil counts increased sharply an hour 
White cells (x 10°/1 115 (95-134 165 (122-200 «0 001 : : . 
Neutrophils (10"/) 84 fe1-10 K 142 610-1-18 3) «0.001 after streptokinase, with median values 
sina neutro 1 1 0 0 " 
561 (434-835) 816 (542-1858) ^^ «001 increasing by 43% and 69% respectively. A 


45% increase in plasma elastase indicated 
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Table3 Effects of recanahsation of the infarct related coronary artery on white cells, neutrophils, 
and neutrophil elastase before and after streptokinase 








Recanalised artery Not recanalised 
(n = 34) artery (n = 5) 
White cells ( x 10°/1): 
Before streptokinase 118 (97-139) 110 (93-11 P 
After streptokinase 174 (12 6-20 8) 151 (99-164 
Difference 52 (21-78) 39 (07-49) 
Neutrophils ( x 10°/}). 
Before streptokinase 84 (61-111) 84 (69-8 5) 
After streptokinase 149 (101-18 6) 113 (80-139) 
Difference 62 (32-93) 28 (18-58) 
Plasma neutrophil elastase (ng/ml) 
Before streptoki 99 (433-94 3) 535 (42 7-74 0) 
After streptokinase 816 (56 1-176 0) 663 (452-816) 
Difference 191 (0-842) O0 (—12 8-28 7) 





None of the differences between the group with recanalised arteries and the group without was 
statistically significant. 


neutrophil activation. These changes were all 
highly significant but no differences could be 
shown between patients with a patent infarct 
related vessel and those without at five (3-8) 
days. Nevertheless, 1n those with early patency, 
white cell and peripheral neutrophil responses 
tended to be more vigorous, as did neutrophil 
activation (median values for plasma elastase 
increased by 32% after streptokinase infusion 
in patients with early coronary patency but 

. showed no change in patients with persistent 
coronary occlusion (table 3). 


NEUTROPHILS, NEUTROPHIL ELASTASE, AND 
MYOCARDIAL INJURY 

The neutrophil count on admission, before 
streptokinase infusion, was unrelated to any of 
the indirect measures of myocardial injury. 
Only one hour after streptokinase, however, 
significant correlations with left ventricular 
ejection fraction, peak creatine kinase, and 
QRS score had developed (fig 1). Neutrophil 
activation, as reflected by plasma elastase, also 
correlated with left ventricular ejection fraction 
one hour after streptokinase infusion but not 
with the other indirect measures of myocardial 


injury (fig 2). 


Discussion 
Studies in which autologous neutrophils 
labelled with indium-111 were reinjected into 
patients with acute myocardial infarction 
indicated that the stimulus for neutrophil 
activation occurs early.” This is confirmed in 
the present study which showed an abrupt 
increase in plasma elastase within an hour of 
streptokinase infusion. The close temporal 
relation with administration of thrombolytic 
treatment suggests that reperfusion may be 
important in the activation process. Neverthe- 
less, the trend towards a more vigorous elastase 
response in patients with patency of the infarct 
related artery was not statistically significant, 
possibly because of numerical imbalance be- 
tween the groups (there were only five 
“occluded”? cases) or delay before coronary 
arteriography. This will have led to random 
misclassification of some “patent” and 
“occluded” cases, so reducing the power of the 
Statistical analysis. 

Others reported increases in plasma elastase 
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Figure 1 Relations between peripheral neutrophil counts 
and three indirect measures of myocardial injury before 
streptokinase treatment and one hour after it. 


after thrombolytic treatment of acute infarc- 
tion.” * Bell et a], however, found no associated 
increase in the uptake of +" I-labelled neutro- 
phils in the infarcted myocardium and con- 
cluded thatthe elastase response was due to clot 
lysis or intracoronary (as opposed to intra- 
myocardial) activation of neutrophils.” In 
experimental models of coronary occlusion, 
however, activated neutrophils accumulated 
very rapidly in the zone of infarction during 
reperfusion, and if this occurs clinically in 
response to successful thrombolytic therapy it 
may well have contributed to the sharp increase 
in plasma elastase seen in this and other studies. 
Activated neutrophils were identified as a cause 
of reperfusion injury in experimental infarction 
and the present study suggests they may have a 
similar effect after thrombolytic treatment. 
Thus we were able to show a significant 
negative correlation between plasma elastase 
one hour after streptokinase and left ven- 
tricular ejection fraction; in patients with a 
more exaggerated elastase response left ven- 
tricular function was significantly more im- 
paired. This indicates that neutrophil activa- 
tion was, at least in part, related to the process 
of infarction and was not stimulated directly by 
streptokinase. Nevertheless, the correlation 
was weak and there was no significant relation 
with peak creatine kinase or QRS score, indi- 
cating that the contribution of neutrophil 
activation to infarction is likely to be small, 
particularly when compared with the effects of 
ischaemic injury. 

An alternative explanation for the sharp rise 
in plasma elastase early after streptokinase 
infusion is washout from a previously unper- 
fused myocardium. This would imply con- 
siderable accumulation of activated neutro- 
phils in the zone of infarction early after 
coronary occlusion rather than their entry in 
response to reperfusion. A study such as ours 
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Figure 2 Relation between plasma neutrophil elastase and left ventricular ejection 
fraction before streptokinase treatment and one hour after tt. 


cannot distinguish between these separate 


mechanisms, but experimental data indicate 


that substantial intramyocardial accumulation 
of activated neutrophils early after coronary 
occlusion 1s not seen in the absence of reper- 
fusion, when an explosive influx occurs.'4?’* 
Moreover, during angioplasty very brief 
periods of coronary occlusion followed by 
reperfusion produce a sharp increase 1n plasma 
elastase which cannot be explained by wash- 
out.” Thus washout is unlikely to account for 
the elastase response seen in the present study 
and certainly could not account for the increase 
in circulating neutrophils which was too rapid 
and too large to have derived from the zone of 
infarction. 

Peripheral leucocytosis in acute myocardial 
infarction peaks after three to four days and is 
usually regarded as a component of the general- 
ised stress response.” However, this is unlikely 
to explain the abrupt rise in circulating neutro- 
phils that occurred immediately after throm- 
bolytic treatment in the present study. Strep- 
tokinase infusion might itself have contributed 
to the neutrophil response but cannot have 


been the major determinant because responses . 


were significantly related to three independent 
measures of myocardial injury, suggesting that 
streptokinase induced reperfusion of the 
ischaemic myocardium caused a reactive leu- 
cocytosis in proportion to the degree of injury. 

Quantification of myocardial injury and 


infarct size is difficult and although ejection 


fraction, peak creatine kinase, and QRS score 
are widely used,??'*? clinical constraints 
imposed limitations on our methods. Thus a 
series of only three blood samples per patient 
was available for determining the peak creatine 
kinase activity, and the ejection fraction was 
measured before hospital discharge in most 
pauents when reversible myocardial stunning 
may have made a variable contribution to 
contractile dysfunction.” Nevertheless, despite 
these limitations, relations between neutrophil 
responses early after thrombolytic treatment 
and these three independent indices of infarct 
size showed-remarkable consistency, support- 
ing our hypothesis that the neutrophil response 
provides an early measure of myocardial injury. 

We found that thrombolytic treatment in 
acute myocardial infarction leads to an abrupt 
increase in circulating neutrophils which 
provides an early measure of injury. It also 
leads to neutrophil activation, probably in 
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response to coronary recanalisation and myo- 
cardial reperfusion. Activated neutrophils are 
recognised as mediators of reperfusion injury 
in experimental infarction and the data in the 
present study provide preliminary evidence of 
a similar pathogenic role in the clinical setting. 
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PLANTS IN CARDIOLOGY 








Claviceps purpurea Tul. 
Bentley R, Trimen H. 
Medicinal plants. vol 4. 
London: Churchill, 1880: 
303. The black bodies are 
the sclerotia. 


Ergometrine (ergonovine) 
The fungus Claviceps purpurea (Clavicipita- 
ceae) is a parasite that infects the flowers of 
cereals, notably rye, replacing them with a 
curved hard mass or sclerotium of mycelia 
which is called ergot (from Old French argot, a 
cock’s spur). In the Middle Ages rye bread 
infected with ergot caused large epidemics of 
gangrene of the hands and feet and mental 
symptoms. Ergotism was often fatal. The 
blackened extremities looked as if they had 
been burnt in a fire, and the malady was called 
St Anthony’s Fire because the patients were 
treated at the saint’s monastery in Padua. 
Since 300 BC ergot has been recognised as 
causing abortion. Thus its vasoconstrictor, 
oxytocic, and cerebral effects were known long 
before the responsible alkaloids were isolated. 
Ergotoxine and ergotamine were the first to be 
found and their effect on human uterine con- 
traction was studied in 1932 by Chassar Moir. 
He then tested the traditional liquid extract of 
ergot which was thought by some scientists, 
though not by clinicians, to be ineffective and he 


showed its action to be much larger than the 
two alkaloids. This led to the isolation of a 
new alkaloid, ergometrine (ergonovine). Its 
vasoconstrictor action was first used in the 
investigation of coronary artery spasm in 1976 
by T O Cheng at the suggestion of E Shirey and 
W Sheldon. 

Ergot has been called “ʻa veritable treasure 
house of pharmacological constituents." Ergot 
derivatives include the hallucinogen, lysergic 
acid diethylamide (LSD), bromocriptine (used 
to treat pituitary tumours and parkinsonism), 
and the serotonin antagonist, methysergide, 
which is an effective prophylactic in migraine. 
Methvsergide can cause fibrosis of the mitral 
and aortic valves. 

There are over 200 000 species of fungi. 
They are of great importance in medicine, 
producing antibiotics and also cyclosporin. 
The fungi are by tradition classified as plants 
but because they differ from them and from 
animals in several ways there is a proposal to 
create a separate fungal kingdom. 
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Aging, autonomic function, and the perception of 


angina 


V Umachandran, K Ranjadayalan, G Ambepityia, B Marchant, P G Kopelman, 


A D Timmis 


Abstract 

Objective—To determine the effects of 
age and autonomic function on the per- 
ception of angina. 

Design—Prospective evaluation of the 
relations between anginal perceptual 
threshold, autonomic function, and sys- 
tolic blood pressure in patients with 
symptomatic coronary artery disease. 
Statistical analysis was by non- 
parametric techniques. 

Setting—Cardiology departments of a 
district general hospital and a post- 
graduate teaching centre. 

Subjects—82 non-diabetic men with 
typical exertional angina and coronary 
artery disease confirmed by arterio- 
graphy (n = 64) or a history of Q wave 
infarction (n = 18). 

Main outcome measures—Age, 
anginal perceptual threshold, autonomic 
function, and blood pressure. Anginal 
perceptual threshold was defined as the 
time from onset of 0:1 mV ST depression 
to the onset of angina during treadmill 
stress testing. Autonomic function was 
measured as the ratio of peak heart rate 
during the Valsalva manoeuvre to the 
minimum rate after release. 

Results—Anginal perceptual threshold 
showed a weak but significant correlation 
with age, with older patients tending to 
have a longer interval between the onset 
of ST depression and the onset of angina. 
Comparison of patients in the upper and 
lower quartile age ranges showed a dif- 
ference of 50 seconds between median 
threshold measurements. Blood pres- 
sure and heart rate responses to the Val- 
salva manoeuvre also correlated with 
age, but neither variable correlated with 
the anginal perceptual threshold. 

Conclusions—In non-diabetic men 
with coronary artery disease the percep- 
tion of angina tends to deteriorate with 
advancing age. The mechanism is 
unclear but is not attributable solely to 
alterations in blood pressure or auto- 
nomic function. 


In patients with coronary artery disease 
angina usually occurs in response to exercise 
induced myocardial ischaemia. However, 
there is often a latent interval after the 
provocation of myocardial ischaemia before 
chest pain develops. We have called this latent 


interval the anginal perceptual threshold and 
have defined it as the time from onset of 
0-1 mV ST depression to the onset of angina 
during treadmill stress testing. Because the 
anginal perceptual threshold 1s a continuous 
variable it provides a useful clinical measure 
of the perception of angina and may be useful 
for investigating the mechanisms responsible 
for silent ischaemia. 

Preliminary work has shown that the 
anginal perceptual threshold is prolonged in 
diabetes, particularly ın patients with auto- 
nomic neuropathy,’ which means that damage 
to the sensory innervation of the heart may 
account for the propensity to silent ischaemia 
in these patients.^* It is not known, however, 
whether neuropathic mechanisms are active in 
the silent ischaemia seen in non-diabetic 
patients with coronary artery disease.°® If 
neuropathic mechanisms are important in the 
non-diabetic population, alterations in the 
perception of angina would be expected to be 
more common in the elderly because of the 
tendency for autonomic’ ® and sensory? ? func- 
tion to deteriorate with increasing age. The 
Framingham study showed that asymptomatic 
myocardial infarction is indeed more common 
in elderly people! but information about the 
effects of aging on the perception of angina is 
scarce. This information is potentially impor- 
tant not only because the proportion of elderly 
people is increasing but also because of the 
insights it might provide into the mechanisms 
of silent ischaemia. We have measured the 
anginal perceptual threshold in a group of 
non-diabetic men with exertional angina to 
determine the effects of age and autonomic 
function on the perception of angina. 


Patients and methods 

PATIENTS 

The 82 patients included in this study were 
non-diabetic men (median age 63 years (range 
35—82)). All had typical exertional angina and 
coronary artery disease confirmed by 
arteriography (n — 64) or a history of Q wave 
infarction (n = 18). None had  chnical 
evidence of autonomic or peripheral 
neuropathy. Patients were required to be in 
sinus rhythm and were excluded if they had 
unstable angina, myocardial infarction within 
the previous three months, or electrocardio- 
graphic abnormalities preventing adequate 
interpretation of the exercise stress test (left 
bundle branch block, digoxin induced 
changes in the ST segment or T wave). We 
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also excluded patients with intermittent 
claudication or musculoskeletal- -disorders 
severe enough to interfere with exercise test- 
ing. All patients gave written informed con- 
sent for participation in this study which had 
been approved by the Newham Health Dis- 
trict Ethical Committee. 


TREADMILL STRESS TESTING 

The stress tests were all performed by one of 
three experienced doctors (KR, VU, or GA) 
and in none of our patients did we rely on 
clinical observations from paramedical staff. 
Aspirin and antianginal drugs, except for 
sublingual glyceryl trinitrate, were stopped at 
least 12 hours beforehand. Symptom limit 
exercise testing was carried out on a motor 
driven treadmill by the Bruce protocol.” 
Patients were exercised for three minute 
stages at progressively increasing workloads. 
A 12 lead electrocardiogram was recorded 
before exercise, at the end of each three 
minute stage, at peak exercise, and every 
minute during recovery. Heart rate and blood 
pressure were recorded at the same intervals. 
In addition, the three leads previously iden- 
tified as showing the earliest ST depression 
were recorded continuously throughout exer- 
cise on the electrocardiographic print out in 
order to identify the time to onset of 0-1 mV 
ST depression measured 80 ms after the J 
point. The patients were asked to report the 
onset of angina and to ensure that the time 
was accurately identified the, doctor inquired 
about symptoms throughout the test. The 
anginal perceptual threshold was calculated as 
the time from the onset of 0-1 mV ST depres- 
sion to the onset of angina. Three patients 
who did not experience chest pain during the 
stress test despite diagnostic ST segment 
depression were excluded from the analysis of 
the anginal perceptual threshold. 


AUTONOMIC FUNCTION TESTING 

This was performed immediately before the 
treadmill stress test. In every patient heart 
rate was monitored on the electrocardiogram 
during and after the Valsalva manoeuvre 
(40 mm Hg measured against a mercury 
column). We used the ratio of the peak heart 
rate during the Valsalva manoeuvre to the 
minimum rate after release as an index of 
autonomic function.” 


Results of treadmill stress tests (median (interquartile 
range) } 


Variable Result 
Heart rate (beats/min) 

Rest 77 (67-84) 

Peak 130 (116-140) 
Systolic blood pressure (mm Hg) 

Rest 140 (120-150) 

Peak 160 (140-175) 
Peak rate-pressure product 

(mm Hg beats/min x 107?) . 206(17 0-23 3) 
Sum of ST depression 

at peak exercise (m 06(0 4-0 8) 
Time to onset of 0 1 m 

ST depression (s) 193 (120—282) 
Time to onset of chest pain (s) 228 (147—325) 
Anginal perceptual threshold (s) 40 (10-64) 


STATISTICAL ANALYSIS 

All averaged results were expressed as 
medians with the interquartile range in paren- 
theses. Non-parametric tests were used for all 
data comparisons. Correlations between age, 
blood pressure, autonomic function, and the 
anginal perceptual threshold were calculated 
by Spearman's rank method. The Mann- 
Whitney test was used to compare differences 
between patients in the upper and lower age 
quartiles. A two tailed p value of «0:05 was 
regarded as statistically significant. 


Results 

ANGINAL PERCEPTUAL THRESHOLD (TABLE) 
Treadmill exercise produced physiological 
increases in blood pressure and heart rate. 
Every patient developed at least 01 mV of 
planar or down sloping ST segment depression 
after 193 (120—282) s of exercise with the onset 
of angina in all but three cases after 228 
(147—325) s. In the 79 patients who experienced 
angina, the anginal perceptual threshold was 40 
(10-64) s. The age of these patients ranged 
from 35 to 82 years and showed a weak but 
significant correlation with the anginal 
perceptual threshold (r — 0:33, p « 0-005), 
with older patients tending to have a longer 
latent interval between the onset of ST 
depression and the onset of angina (fig 1). 
Thus comparison of the anginal perceptual 
thresholds in the upper (> 68 years) and lower 
(<56 years) quartile age groups confirmed a 
highly significant difference between the median 
values (64 (38-98) v 14 (-5-51), p <0-005) 
(fig 2). Neither myocardial ischaemia nor 
oxygen demand at peak exercise (as judged by 
the sum of ST depression and the rate-pressure 
product respectively) correlated with the 
anginal perceptual threshold. 


AUTONOMIC FUNCTION AND BLOOD PRESSURE 

Autonomic function, as reflected by heart rate 
responses to the Valsalva manoeuvre, showed 
the expected age related changes. Thus in older 
patients the change in heart rate tended to be 
less acute during the Valsalva manoeuvre with 
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Figure 1 Scattergram (smith fitted simple regression) 
showing relation between age and anginal perceptual 
threshold. Superimposition of two pairs of data points has 
reduced by two the number of points visible 1n the 


scattergram. 
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Figure 2 Comparison of 
anginal perceptual 
threshold measurements in 
patients in the upper 

( 268 years) and lower 

( $56 years) quartile age 
ranges. Each box plot 
shows the 10th, 25th, 50th, 
75th, and 90th percentile 
values. The extreme 20% 
of observed values (10% 
below the 10th percentile 
and 10% above the 90th 
percentile) are shown as 
open circles. Notches 1n the 
box chart represent 95% 
confidence bands about the 
median. 


Figure 3  Scattergrams 
( with fitted simple 

ession) showing 
relations between age, 
systolic blood pressure, and 
autonome function. 
Superimposition of paired 
data points ( blood pressure 
10; Valsalva 1) has 
caused corresponding 
reductions m the number of 
potnts visible in each 


scattergram. 
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a lower ratio of peak to minimum values (fig 3). 
Systolic blood pressure also showed the 
expected correlation with age, older patients 
tending to have higher systolic measurements 
(fig 3). Neither autonomic function nor blood 


pressure, however, showed any relation to the ` 


anginal perceptual threshold. 


Discussion 

This study showed that in non-diabetic men 
with coronary artery disease the perception of 
exertional angina shows a weak but significant 
relation with the age of the patient. With 
advancing age the latent interval between the 
onset of regional myocardial ischaemia and the 


onset of chest pain (the anginal perceptual ' 


threshold) becomes longer, such that 
comparison of patients in the upper and lower 
quartiles for age range showed a difference of 
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50 s between median threshold measurements. 
Although there were the expected relations 
between age, blood pressure, and beart rate 
responses to the Valsalva manoeuvre, only age 
correlated with the anginal perceptual thres- 
hold indicating that changes in the perception 
of angina in the elderly are not attributable 
solely to alterations in autonomic function. 

The anginal perceptual threshold provides a 
useful index of the perception of angina in 
patients wth coronary artery disease. Earlier 
work showed that the threshold can be 
considerably prolonged in diabetic patients 
who often do not experience angina until two 
minutes or longer after the onset of exertional 
ST depression. Prolongation of the anginal 
perceptual threshold in diabetes is particularly 
exaggerated in patients with abnormal auto- 
nomic function and is commonly associated 
with a heightened somatic pain threshold,'* 
indicating that the perceptual impairment is 
generalised and is caused, at least in part, by 
diabetic neuropathy. The present study 
indicates that with advancing age a similar, 
though less pronounced, hyposensitivity to 
ischaemic cardiac pain develops im non- 
diabetic patients. The correlation is highly 
significant but weak, indicating that other 
factors apart from age are likely to have an 
independent effect on the perception of angina. 
Nevertheless, our data suggest that neuro- 
pathic mechanisms are less important than in 
diabetic patients with coronary artery disease. 

Recently, Miller et al reported age related 
changes in the perception of angina similar to 
those in the present study.” These changes 
were independent of the severity of ischaemia, 
which supports our own findings that myo- 
cardial ischaemia and oxygen demand at 
peak exercise (as judged by the sum of ST 
depression and the rate-pressure product, 
respectively) were unrelated to the anginal 
perceptual threshold. Miller et al suggested 
that the dysfunctional perception might reflect 
the tendency for blood pressure to rise with 
age; this suggestion was based on previous 
reports of increased pain thresholds in hyper- 
tensive patients." It accorded with the work 
of Sheps et al who described a relation between 
systolic blood pressure and silent ischaemia in 
patients with angina and identified a potential 
role for altered baroreceptor function.” 

The sensory supply to the heart is part of the 
autonomic innervation and changes in auto- 
nomic function and blood pressure certainly 
provide a plausible explanation for the age- 
related increase in the anginal perceptual 
threshold shown in the present study. 
However, although our data showed the expec- 
ted changes in autonomic function and blood 
pressure in the older age group, neither of these 
variables was related to the anginal perceptual 
threshold; this indicated that other mechan- 
isms must contribute to the impairment of 
perception with increasing age. A generalised 
hyposensitivity to pain has been seen in the 
elderly?! and-it has been suggested that this 
migbt be the result of central modulation by 
endogenous opioid peptides, though whether 
this accounts for the prolongation of the 
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anginal perceptual threshold with advancing 
age remains speculative. Indeed, the mechan- 
ism of hypoalgesia in the elderly is at present 
uncertain but is likely to be multifactorial 
involving functional alterations in the 
peripheral and central nervous systems. 

The increase in the anginal perceptual 
threshold with advancing age seems less 
pronounced than in diabetic patients who can 


develop profound exertional ischaemia before 


they experience angina.” Nevertheless, any 
delay in the perception of angina during 
exertional ischaemia will increase the ischaemic 
burden in the elderly which may in turn 
heighten the risk of cardiac arrhythmias and 
ongoing myofibrillar damage. A similar risk has 
been ascribed to patients with silent ischaemia 
and clearly there may be some heterogeneity 
between silent ischaemia and prolongation of 
the anginal perceptual threshold." It is not 
known, however, whether the tendency for the 
anginal perceptual threshold to increase in 
elderly patients with coronary artery disease is 
associated with an increase in the prevalence of 
silent ischaemia and more work is necessary to 
define the relation between these perceptual 
disorders and to determine their clinical 


significance. 
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Angiotensin converting enzyme inhibitors and 
magnesium conservation in patients with 


congestive cardiac failure 


R N Stevenson, Charlotte Keywood, A A Amadi, J R Davies, D L H Patterson 


Abstract 
Objective—To investigate whether 
angiotensin converting enzyme 


inhibitors reduce diuretic induced mag- 
nesium excretion in patients in conges- 
tive cardiac failure. 

Design-—Cohort analytic study. 

Setting—A London district general 
hospital. 

Subjects—Thirty four patients with 
chronic congestive cardiac failure 
caused by ischaemic heart disease or 
cardiomyopathy selected consecutively 
from inpatients under the care of two 
consultant cardiologists. Nineteen 
patients (group 1) on diuretics alone 
were compared with 15 patients (group 
2) taking diuretics plus either enalapril 
or captopril. All drug regimens were 
stable for at least three months before 
the study. Patients with impaired renal 
function (plasma creatinine 120 
umol[1) were excluded. 

Interventions—An intravenous load- 
ing dose of magnesium sulphate was 
given to minimise the variability in 
baseline magnesium state. 

Main outcome measure—Total urine 
magnesium excretion and creatinine 
clearance in 24 hour urine collections. 

Results—Plasma magnesium was 
similar in the two groups. However, 24 
hour urine magnesium excretion was 
significantly lower in group 2 than in 
group 1. Furthermore, creatinine 
clearance was also significantly lower in 
group 2 and correlated strongly with 
magnesium excretion. There was no such 
relation in group 1. There was no dif- 
ference in fractional clearance of mag- 
nesium between groups. 

Concluston—Angiotensin converting 
enzyme inhibitors have an important 
magnesium conserving action, possibly 
via their effect on glomerular filtration 
rate. 


‘There is growing awareness of the importance 
of magensium metabolism in cardiovascular 
medicine and in particular the association be- 
tween hypomagnesaemia and cardiac 
arrhythmias.! Recent evidence suggests that 
hypomagnesaemia ın patients with congestive 
cardiac failure is related to a poor prognosis 
owing to a high prevalence of ventricular 


arrhythmias and to an increased risk of sud- 
den death.? Interestingly, hypermagnesaemia 
in these patients may also be associated with 
an adverse prognosis, though raised plasma 
concentrations of magnesium may simply be a 
marker of important renal impairment caused 
by severe cardiac dysfunction. 

Angiotensin converting enzyme inhibitors 
are commonly used with loop diuretics to treat 
congestive cardiac failure. It is well recog- 
nised that loop diuretics can cause hypo- 
magnesaemia,! and furthermore, that plasma 
magnesium concentrations can be normal in 
the presence of significant tissue depletion.’ 
Angiotensin converting enzyme inhibitors 
may attenuate the hypomagnesaemic action of 
loop diuretics’; their effect on urinary mag- 
nesium excretion has not been adequately 
studied. We investigated the effects of 
angiotensin converting enzyme inhibitors on 
diuretic induced magnesium excretion in 
patients with congestive cardiac failure. 


Patients and methods 

We studied 34 patients with chronic conges- 
tive cardiac failure caused by ischaemic heart 
disease or cardiomyopathy. Group 1 (n = 19) 
patients were treated with a loop diuretic 
(either frusemide with or without amiloride or 
bumetanide) alone. Patients in group 2 
(n — 15) were taking both a loop diuretic plus 
an angiotensin converting enzyme inhibitor 
(enalapril or captopril). All drug regimens 
were kept stable for at least three months 
before the study. Patients with impaired renal 
function (plasma creatinine > 120 umol/l) 
were excluded. Other exclusion criteria 
included factors likely to disturb renal mag- 
nesium homoeostasis such as alcoholism, 
malabsorption, and ingestion of compounds 
containing magnesium. Blood was taken for 
baseline plasma magnesium and creatinine 
estimations. To minimise the variability 1n the 


Table! Age, weight (kg), and dose of diuretic 
( equivalent to dose of frusemide in mg) in the two patient 
groups (mean ( SEM)) 





Group I Group 2 
( Diuretics ( Diuretics + ACE 
only) inhibitors } 

Age 69 (2 5) 69 (2 6) 

Weight (kg) 70 (2 7) 71(38) 

Diureuc dose 80 (8 4) 91 (9 9) 

Dose ACE inhibitor 

(«mg enalapril) — 15 (2 6) 
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Table2 Plasma magnesium ( mmol]l) and 24 h urinary magnesium (mmol) in the two groups (mean (SEM) 
tN 


Group 1 Group 2 

(Druretics only | (Diureucs and ACE inhibitors) p Value 
nt ll E LA 
Plasma magnesium (mmol/l) 0 87 (0 02) 0 86 (0 02) NS 
24 h urine magnesium (mmol/24 h) 26 0 (10) 18 5 (1 4) 0 001 


nt iii Qo 


baseline state of total body magnesium all 
patients were given an intravenous loading 
dose of magnesium sulphate (30 mmol in 
500 ml of 594 dextrose given over eight 
hours). This loading regimen has been used in 
previous studies of magnesium turnover. We 
measured total urinary magnesium and 
creatinine in urine collected for 24 hours. 

The statistical significance of differences be- 
tween the two groups was assessed by the two 
tailed t test for groups of non-paired observa- 
tions. Linear regression analysis was applied 
to test for a relation between sets of variables 
within a group. 


Results 

Patients 1n the two groups were well matched 
for age, weight, and dose of diuretic (table 1). 
Table 2 shows the mean (SEM) values of 
plasma magnesium and 24 hour urinary mag- 
nesium in the two groups of patients. Plasma 
magnesium concentrations were similar in both 
groups and were within the normal range. 
However, the 24 hour excretion of magnesium 
was significantly lower in the patients (group 2) 
treated with angiotensin converting enzyme 
inhibitor. Table 3 shows the mean (SEM) 
values of plasma creatinine, creatinine 
clearance, and fractional clearance of mag- 
nesium. Although plasma creatine concentra- 
tions were comparable, creatinine clearance 
was significantly lower in group 2. There was no 
significant difference in the fractional clearance 
of magnesium between the groups. 

Linear regression analysis showed a strong 
relation(p = 0-001) between urine magnesium 
excretion and creatinine clearance in patients 
treated with angiotensin converting enzyme 
inhibitors (figure). There was no such relation 
in the patients who were not treated with 
angiotensin converting enzyme inhibitors 


(group 1). 


Discussion 

Our results suggest that angiotensin converting 
enzyme inhibitors have a magnesium con- 
serving effect when they are given in conjunc- 
tion with loop diuretics to treat congestive 
cardiac failure. As far as we are aware this effect 
has not been shown before. Previous studies of 
angiotensin converting enzyme inhibitors and 
magnesium turnover have been restricted to 


Table 3 Plasma creatinine (mol/l), creatinine clearance (ml/min), and fractional 
clearance of magnesium (96) in the two groups (mean (SEM) 


Plasma creaunine (urnol/l) 
Creatinine clearance (ml/min) 


Fracnonal magnesium clearance (%) 


Group 1 Group 2 

( Diuretics ( Diurerics and ACE 

only) inhibitors} p Valus 
98 (5:5) 112 (53 NS 

74 (5 9) 49 (5 0 0 002 
29 5(21) 32 6 (2 4) NS 





plasma concentrations, and the results have 
been conflicting? "? In this study, plasma mag- 
nesium concentrations were within the normal 
range with no significant difference between the 
two groups. It might be expected that the group 
treated with diuretics alone would have a lower 
plasma magnesium concentration than the 
group receiving diuretics and angiotensin con- 
verting enzyme inhibitors. However, other 
workers showed that plasma magnesium con- 
centrations do not correlate with tissue concen- 
trations,*? and thus plasma concentrations 
within the normal range do not exclude sig- 
nificant tissue or total body depletion. To 
establish whether tissue magnesium concentra- 
tions differed between the two groups, and in 
particular whether patients in group 1 were 
tissue depleted, would have required analysis 
of muscle biopsy specimens. 

About 80% of plasma magnesium is filtered 
at the glomerulus and most is reabsorbed in the 
ascending loop of Henle.’ Loop diuretics 
increase urinary magnesium losses largely by 
blocking reabsorption at this site, though 
secondary hyperaldosteronism may be a con- 
tributory factor.'°!! 

In this study patients in group 2 had a 
significantly lower glomerular filtration rate, 
which we propose was directly related to 
angiotensin converting enzyme inhibition. 
Furthermore, the strong correlation between 
urinary magnesium excretion and creatinine 
clearance in group 2 suggests that magnesium 
conservation may largely be a result of the 
reduction in glomerular filtration rate. The 
absence of such a correlation in group 1 may 
mean that magnesium excretion only becomes 
dependent on glomerular filtration rate when 
this is reduced below a critical value. Fractional 
clearance of magnesium was similar between 
the two groups, suggesting that angiotensin 
enzyme inhibitors do not have a significant 
effect on magnesium reabsorption at a site other 
than the glomerulus. Nevertheless, it is also 
possible that the anti-aldosterone action of 
angiotensin converting enzyme inhibitors may 
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Relation between creatinine clearance and 24 h urine 
magnesium in patients on diuretics and angiotensin 
converting enzyme inhibitors, 


contribute to magnesium conservation, though 
for confirmation this needs further investiga- 
tion. An alternative explanation for our findings 
is that by chance the angiotensin converting 
enzyme inhibitor group had worse renal func- 
tion and the differences shown were attributable 
to this and not to the drugs themselves. 
However, we think that this is-an unlikely 
explanation. 

First, we were careful to exclude from this 
study patients likely to have intrinsic renal 
disease. Secondly enalapril (and presumably 
other angotensin converting enzyme 
inhibitors) has been shown to reduce the 
glomerular filtration rate measured both by 
isotope techniques and by creatinine 
clearance.’ There is increasing evidence that in 
severe cardiac failure the glomerular filtration 
rate is maintained by angiotensin mediated 
vasoconstriction of the efferent glomerular 
arteriole. By inhibiting this mechanism, 
angotensin converting enzyme inhibitors 
reduce the glomerular hydrostatic pressure and 
hence the glomerular filtration rate." 

'The only important difference between the 
two groups in terms of concurrent medication 
was that more patients in group 1 were receiv- 
ing amiloride (15 in group 1 and four in group 
2). This 1s unlikely to have adversely influenced 
our results because amiloride can have only a 
weak magnesium conserving action, and so 
would tend to lessen the difference seen between 
the groups. Tbe only other commonly pre- 
scribed drugs were long acting nitrates and 
digoxin, both of which were evenly distributed 
between groups. 

The high incidence of sudden death among 
patients in cardiac failure implies that lethal 
ventricular arrhythmias are in part responsible. 
Hypomagnesaemia has been associated with 
ventricular extrasystoles and this may partly 
explain the high incidence of ventricular 
arrhythmias in patients 1n congestive cardiac 
failure.'^ 
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We suggest that angiotensin converting 
enzyme inhibitors have an important mag- 
nesium sparing action in patients whom are 
liable to depletion by loop diuretics. 


We thank Dr S MacFarlan for measuring the magnesium 
concentratons and Merck, Sharpe, and Dome for financial 
support. 
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Intracardiac mobile thrombus and D-dimer 
fragment of fibrin in patients with mitral stenosis 


Masahiro Yasaka, Kunio Miyatake, Mayumi Mitani, Shintaro Beppu, Seiki Nagata, 


Takenori Yamaguchi, Teruo Omae 


Abstract 

Objective—To investigate the relation 
between - intracardiac thrombus and 
blood coagulability in patients with 
mitral stenosis. 

Design—Prospective study. Cross sec- 
tional echocardiography and plasma 
concentrations of the D-dimer fragment 
of fibrin were used concurrently to detect 
intracardiac thrombus in patients with 
mitral stenosis. 

Setting—Department of Medicine, 
National Cardiovascular Centre, Osaka, 
Japan. 

Patients—63 patients with mitral 
stenosis. None of them had been receiv- 
ing any anticoagulants or antiplatelet 
agents. 

Main outcome measures—Plasma con- 
centrations of D-dimer in patients with a 
mobile intracardiac thrombus, those in 
patients with a non-mobile intracardiac 
thrombus, and those in patients without 
an intracardiac thrombus. 

Results—A mobile intracardiac throm- 
bus was found in 10 patients and a non- 
mobile thrombus in eight. The remain- 
ing 45 patients had no intracardiac 
thrombi. Plasma concentrations of D- 
dimer in the 10 patients with a mobile 
thrombus were all >300 ng/ml (mean 
983:3, 95% confidence interval 498-9 to 
1467-7 ng/ml) and they were significantly 
higher than those in the patients with a 
non-mobile thrombus (226-2, 33:6 to 418:8 
ng/ml) and the patients without an 
intracardiac thrombus (147-2, 110-4 to 
184 ng/ml). 

Conclusions—A high plasma concentra- 
tion of D-dimer seemed to reflect a 
hypercoagulable intracardiac state and 
may be a helpful indicator of the 
possible presence of mobile intracardiac 
thrombus in patients with mitral 
stenosis. 


Plasma concentrations of the D-dimer frag- 
ment of fibrin and fibrinopeptide A have been 
measured to assess hypercoagulability and the 
secondary enhancement of fibrinolysis in 
patients with various disorders of the 
circulatory system.'? However, the relation 
between intracardiac thrombus and blood 


coagulability has not been fully elucidated in 
patients with mitral stenosis. 

To investigate this relation we used cross 
sectional echocardiography and we measured 
the plasma concentrations of D-dimer and 
other indices of blood coagulation con- 


‘ currently in 63 patients with mitral stenosis. 


Patients and methods 

STUDY POPULATION 

We studied 63 patients with mitral stenosis 
aged 53-7 (10-8) years (mean (SD)), all of whom 
were inpatients or outpatients at the National 
Cardiovascular Centre between 1 December 
1987 and 31 October 1988, and 10 healthy 
volunteers aged 54-3 (11:9) years. None of the 
patients with mitral stenosis had been taking 
anticoagulants, antiplatelet agents, or any other 
drugs that influence the haematological indices. 
They were all free from moderate or severe 
mitral regurgitation as determined by colour 
Doppler echocardiography.‘ 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

For echocardiography we used a commercially 
available real time, phased array system 
(Toshiba SSH-60A) with a 3-75 MHz trans- 
ducer. Subjects were examined in the left 
lateral or supine position. The heart chambers, 
especially the left atrial cavity, were examined 
extensively by shifting, rotating, and tilting the 
transducer and by adjusting the gain control 
of the equipment whenever necessary. The 
criteria for the echocardiographic diagnosis of 
intracardiac thrombi have been reported else- 
where. A thrombus was diagnosed when an 
echogenic mass with a clearly defined contour 
was seen inside the cardiac cavity, when the 
endocardial surface echo of the cardiac wall 
could be identified, and when tbe mass was 
visualised from various positions on the chest 
wall. The thrombus was regarded as mobile if 
a portion of the thrombus showed motion 
independent from that of the adjacent endocar- 
dium, which was either opposite in direction or 
freely erratic. The left atrial dimensions were 
measured at the same time.* 


COAGULATION STUDIES 

On the same day as cross sectional echocar- 
diography we performed the following 
coagulation studies: haematocrit; plasma con- 
centrations of fibrinopeptide A, fibrinopeptide 
Bf15-42, D-dimer, antithrombin III; and the 


Mobile thrombus and D-dimer 


prothrombin time and activated partial dage and the other of which was o 


thromboplastin time. Plasma concentrations of atrial posterior wall. The remaining eigh 
fibrinopeptide A, fibrinopeptide BB15—42, and thrombi were non-mobile (fig 2), with s 
D-dimer were measured as follows. being at the left atrial appendage and the ot 


After discarding the first 2 ml of blood we one being on the left atrial posterior wall. In th 
drew 1:6 ml from the antecubital vein into a remaining 45 patients, there were no intra 
precooled silicone coated tube containing cardiac thrombi (group 2 
1:0 ml of inhibitor (aprotinin 10 000 U/ml and The left atrial dimensions of the 10 health 
heparin 500 U/ml). The tube was immediately volunteers and groups | and 2 w 
inverted gently several times and then cen- (1-1 mm), 54-6 (1:5) mm, and 52 1-2) mi 
trifuged at 2000 g (3000 rpm) for 15 minutes at respectively. The left atrial dimensions o 
4°C. The supernatant was then placed in plastic groups | and 2 were significantly larger t! 
tubes and stored frozen at —20'C. Plasma those of the controls (p < 0-01), but the: 
concentrations of fibrinopeptide A were deter- — nosignificant difference between the tw 
mined by enzyme immunoassay (Asserachrom with mitral stenosis. 


FPA, Diagnostica Stago, Francoville, France) Forty four of the 63 patients had atrial 
and those of fibrinopeptide Bf15-42 by fibrillation: 28 (62-2%) without intracardiac 
radioimmunoassay (Fibrinopeptide Bfj15-42 thrombi and 16 (88:9?5) in those with intra 
radioimmunoassay, IMCO Corporation, cardiac thrombi. There was no significant dif 


Stockholm, Sweden ).' D-dimer concentrations ference in the incidence of fibrillation bety 
were measured by enzyme immunoassay the two groups (y test). 

(Dimertest EIA, Agen Biomedical, Brisbane, 

Australia)." The prothrombin time was asses- COAGULATION STUDIES 

sed by Quick's one-stage prothrombin time Plasma concentrations of fibrinopepnd 
method by Thromborel S (Behringwerke,  fibrinopeptide B/j15-42, and D-dime 
Marburg, Germany) and was expressed as the significantly higher and those of antithrombu 
international normalised ratio.” Antithrombin II were significantly lower in groups | and 
III concentrations were measured by the than in the controls (table). Moreove: 
chromogenic substrate method (Substrate: plasma concentrations of fibrinopeptide A and 
S-2238, KabiVitrum AB, Sweden)" The D-dimer in group | were significantly higher 
observers of the cross sectional echocardio- than those in group 2. There were no significan! 
graphic studies were blinded to the results of differences in the haematocrit. prothrombin 


these haematological investigations. time, and activated partial thrombi iplasti In 
among groups | and 2 and the controls 
HISTORY OF EMBOLIC EVENTS The plasma concentrations of D-dime: 


We reviewed the history of all patients for any the patients with mobile thrombi were al! abo 
unequivocally documented episodes of arterial 300 ng/ml (983-3 (242-2) ng/ml) and they : 
embolisation that were confirmed by angio- significantly higher than those in the patient 
graphy (cerebral and peripheral vessels), with non-mobile thrombi (226-4 (96-3) ne m! 
scintigraphy (kidneys), or computed tomo- Pp < 0:05) (fig 3). There were no significa: 
graphy (brain), in addition to a history of the differences other than the D-dimer concentra 
typical clinical signs of embolism." tion between the patients with and witl 
mobile thrombi. 
STATISTICAL ANALYSIS 
Continuous data were expressed as the mean HISTORY OF EMBOLIC EVENTS 
(SE). Groups were compared by analysis of Ofthe63 patients, 22 had a history of conf 
variance followed by Duncan's intergroup arterial embolism to the brain, kidney 
comparison test; the y^ test was also used. or limbs (n — 2) (including four patients wi 
more than one event). All 22 patients had 
suffered these embolic events more than one 
Results month before this study. Nine of the 22 patient: 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

Intracardiac thrombi were shown by echocar- 
diography in 18 of the 63 patients (group 1). 
Ten of these 18 patients had mobile thrombi (fig 
1), nine of which were at the left atrial appen- 


Figure 1 Left 
parasternal short axis view 
(cross sectional and M 
mode echocardiograms ) 
from a patient with mitral 
stenosis. Thrombus (arrow 
and * ) at the left atrial 
appendage was mobile. 
AO, aorta; LA, left 


atrium. 





Figure 2. Left parasternal short axis view (cro 
sectional and M mode echocardiograms) from a pat 


with mitral stenosis. Thrombus ( arrows an 
atrial appendage was not mobile. AO, ao 
atrium. 
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Haemostatic markers in patients with mitral stenosis anth thrombi and without and m 








controls Í 
Patients unth mitral stenosis 

Controls Without thrombi With thrombi 

{n = 10} (n = 45) {nm 18) 
Fibrinopepude A (ng/ml) 0 9 (0:2) 22 9 (6 0)* 50 7 (13 0)*t 
Fibrinopepude Bf15—42 (ng/ml) 27(03) 7 8(1-5)* 119 (18)* 
D-dimer (ng/ml) 885(109)  1472(18 4)* 646 9 (165 2)*1 
Anuthrombin III (94) 102 5 (2 1) 91 0 (2 I* 845(37* — 
Haematocrit (79) 43 5 (0 9) 41-4 (3 8) 42-8 (3 5) 
Prothrombin time (INR) 0 99 (0 2) 1 02 (0 02) 1 00 (0 01) 
Activated partial thromboplasun time (s) 300(09) 32 0 (0 5) 30 6 (0 6) 





*p < 001 v controls, Tp < 005 v patients without thrombi, tp < 001 v panents without 
thrombi 


INR, International Normalised Rano. 


Figure 3 Plasma 
concentrations of D-dimer 
in patients with mitral 
stenosis with thrombi and 
without Patients with a 
thrombus were divided into 
two subgroups: those unth 
a mobile thrombus and 
those with a non-mobile 
thrombus. 
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had a mobile thrombus and the other 13 did 
not. The remaining 41 of the 63 patients had 
not had either cerebral embolism or embolisa- 
tion to other parts of the body. 

None of the 63 patients had other diseases, 
such as deep vein thrombosis, renal disease, or 
liver disease, that could have influenced the 
results of the haematological investigations. 


Discussion 

Systemic arterial embolism is a common and 
important complication of mitral stenosis. ? 
Intracardiac thrombus is very important as a 
direct source of systemic embolism. Atrial 
fibrillation and an increase in left atrial dimen- 


- sions both predispose to the development of 
- intracardiac thrombi.?!* In our-study, there 


were no significant differences in the incidence 
of atrial fibrillation or in the left atria] dimen- 
sions between groups 1 and 2. Thus these 
factors are not invariably associated with 
intracardiac thrombi. 

The plasma concentrations of fibrinopeptide 
A, fibrinopeptide Bf15—42, and D-dimer were 
significantly higher in the patients with mitral 
stenosis. Plasma concentrations of antithrom- 
bin III, however, were significantly lower in 


groups 1 and 2 than in the controls. These 
findings are consistent with a previous report 
that blood coagulability is enhanced in patients 
with mitral stenosis.? Plasma concentrations of 
fibrinopeptide A, fibrinopeptide Bfj15—42, and 
D-dimer were also higher in the patients with 
intracardiac thrombi than in those without. 
The deposition of fibrin on to an intravascular 
thrombus is a function of the surface area of the 
clot and also of the activity of the thrombotic 
factors associated with the clot. Hence, even 
small clots can result in active fibrin deposition 
and the production of D-dimer, fibrinopeptide 
A, and fibrinopeptide Bf15—-42. 

Because blood samples were taken from an 
antecubital vein our result could have been 
influenced by thrombosis elsewhere or by 
emboli from the intracardiac source. However, 
no patients had a thrombotic disease other than 
the intracardiac thrombus or a past history of 
embolism. In all patients with a history of 
embolism, the interval between the onset of 
embolism and the study was more than a 
month, which is sufficient time for the emboli to 
have resolved spontaneously.!? Thus we do not 
believe that such factors are likely to have 
influenced the results. 

D-dimer concentrations ın the patients with 
intracardiac mobile thrombi were all above 
300 ng/ml, while those in most patients with 
non-mobile thrombi or without thrombi were 
below 300 ng/ml. These data suggest that there 
was more activation of blood coagulability in 
the patients with mobile thrombi than in those 
with non-mobile thrombi, so mobile clots may 
be associated with more active fibrin deposition 
than non-mobile clots. However, four patients 
with non-mobile thrombi or no thrombi had 
D-dimer concentrations greater than 300 ng/ 
ml. It is possible that they may have had a 
mobile thrombus in the left atrium that was 
smaller than the resolution of our echocar- 
diograph, or a mobile thrombus at the tip of the 
left atrial appendage which is difficult to see 
from the transthoracic approach. 

In a previous study, we reported on 30 
consecutive patients with acute cardiogenic 
cerebral embolism who were examined by 
serial cross sectional echocardiography." In 
three of the patients who had mitral stenosis 
and a newly formed mobile thrombus at the left 
atrial appendage systemic embolism recurred. 
In the current study, nine of the 10 patients 
with mobile thrombus had a past history of 
embolism whereas none of the eight patients 
with non-mobile thrombus had such a history. 
Thus a mobile thrombus seems to be fresher 
and more liable to be released from the cardiac 
wall to cause systemic emboli. It also seems to 
be more likely to regrow. 

In conclusion, high plasma concentrations of 
D-dimer are believed to reflect an intracardiac 
hypercoagulable state, and measurement of the 
D-dimer concentration may be useful as a 
Screening method for an increased risk of 
intracardiac mobile thrombi in patients with 
mitral stenosis. 
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Familial Ebstein's anomaly: a report of six cases in 
two generations associated with mild skeletal 


abnormalities 


Seshadri Balaji, Nicholas R Dennis, Barry R Keeton 


Abstract 
In a family of 11 persons in.three genera- 
tions six had Ebstein's-anomaly. Five of 
the six showed mild skeletal anomalies— 
that is, restricted finger extension, with 
or without limitation of larger joints, 
and externally rotated little toes. Two 
other members of the family had the 


- kd m 


skeletal features Without Ebstein’s 
anomaly. 

The findings TAPES a- dominantly. 
inherited syndrome of  Ebstein’s 


anomaly and skeletal abnormalities. The 
four female patients were all mildly 
affected whereas three of the four male 
patients were severely affected. 


There have been several reports of Ebstein’s 
anomaly occurring in two people from the 
same family." Emanuel et al reviewed the 
published reports and examined- the first 
degree relatives of 26 patients with Ebstein’s 
anomaly but found no familial cases. * Watson 
conducted an international cooperative study 
of 505 cases and found only two examples of 
familial incidence, both in siblings. We 
report a family in which eight people in three 
generations had either Ebstein’s anomaly or a 
pattern. of mild skeletal 
anomalies or both. 


Case reports 
The index patient 2c presented in 1962 at the 
age of five years with an asymptomatic heart 
murmur that was diagnosed as Ebstein's 
anomaly on clinical examination; this was con- 
firmed three years later at cardiac catheterisa- 
tion. After she and her sister had had a total of 
five children we examined the entire family 
clinically and with chest x ray, electrocardio- 
gram, and echocardiogram (Doppler and 
colour flow mapping). Figure 1 and the table 
summarise the pedigree of this family. A brief 
summary of each member follows. 

1a—He was thought to have a “weak heart" 
when young and was not accepted for military 
service. At the age of 62 years he underwent 
aortic valve replacement for aortic stenosis. 
Preoperative evaluation included cardiac cath- 
eterisation; no right heart abnormalities were 
found. His echocardiogram was normal but 
the electrocardiogram showed atrial fibrilla- 
tion. On examination, extension of his fingers 
was found to be limited (fig 2) and was accom- 


panied by tightening and furrowing of the 
palmar fascia that resembled’ Dupuytren’s 
contracture. There was limited mobility-of the 
interphalangeal joints of the thumbs, and- his 
little toes were proximally placed and exter- 
nally rotated (fig 3). 

1b—She is the wife of la. She was symptom. 
free with no evidence of Ebstein’s anomaly 
and with no skeletal abnormalities. 

2b was symptom free with no clinical or 
echocardiographic evidence of  Ebstein's 
anomaly. We found that extension of the little 
fingers was restricted at the proximal inter- 
phalangeal joints (fig 2) with tightening and 
furrowing of the palmar fascia as seen in la. 
Elbow extension was also restricted. Her feet 
were high arched with overlapping of the 
right second and third toes, but the little toes 
were not externally rotated. 

za—Is the non-consanguineous husband of 
2b. He showed no evidence of Ebstein’s 
anomaly. 

Ja was symptom free and had a normal. 
electrocardiogram. Chest x ray showed a car- 


. diothoracic ratio-of-0-5 and: a prominent right 


T- 


atrial shadow on the right heart . border. 
Echocardiography showed mild Ebstein’s 
anomaly with small and tethered tricuspid 
valve septal leaflet and moderate tricuspid 
regurgitation. The little toes were proximally 
placed but there was no joint restriction. 

3b was born at 33 weeks’ gestation with 
hydrops fetalis. Echocardiography showed 
severe Ebstein’s anomaly with no flow into the 
pulmonary arteries. He remained acidotic, 
cyanosed, poorly perfused, and anuric despite 
maximal support including intermittent 
positive pressure ventilation, dopamine and 
prostaglandin infusions, and paracentesis of 
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Figure 1 Pedigree of famiy m which some members had 
Ebstein's anomaly. 
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Figure 2 Limitation of 


extension of proximal 
interphalangeal joints in 
2b (left) and la (right). 
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the pleural and peritoneal cavities. He died 
aged one day and necropsy confirmed the 
diagnosis. No skeletal abnormalities were 
noted. 

jc presented in the neonatal period with 
cyanosis and signs of heart failure. Echocar- 
diography showed mild Ebstein’s anomaly 
and he improved with oxygen and diuretics. 
He had simian creases and limitation of exten- 
sion of the metacarpophalangeal joints by pal- 
mar soft tissues, but no limitation of other 
joints. His little toes were proximally placed 
and externally rotated (fig 3). 

2c—An asymptomatic cardiac murmur was 
detected when she was five years old. A clinical 
diagnosis of Ebstein's anomaly was made 
which was confirmed at cardiac catheterisation 
when she was eight years old. She remains 
symptom free and experienced no cardiac 
problems during her pregnancies. Echocar- 
diography showed a large right atrium, small 
right ventricle, and moderate tricuspid regur- 
gitation. She had restricted extension of all 
fingers, similar to la and 2b, plus limitation of 
elbow extension. Her feet were high arched 


wo generations associated with mild skeletal abnormaliti 


and the little toes were short as 
rotated (fig 3 

2d is the non-consanguineous 
2c, in whom all findings were 1 

jd was symptom free with 
cardiac problems on 
electrocardiographic exami 
cardiography showed mild Ebst 
with apical displacement of the 
the tricuspid valve and mild tri 
gitation. Finger extension was 
and 2b, and ankle mobility w 
duced. Her little toes were exteri 

je—He presented as a neonat 
osis and cardiac failure. Echoc 
this time showed severe Ebstein 
He remained symptomatic with 
breath on exertion. 
he was three years old showed 
atrium, small right ventricle, 


Ciinical 


tricuspid stenosis and regurg! 
mitral valve was also abnorma 
mitral stenosis and a thickened 


appeared to be dysplastic. Exter 
elbows, fingers, and hands wer: 
in la and 2b), and also abductior 
His calves were slightly wasted 
logical abnormalities were dete 
were high arched and his littl 
externally rotated (fig 
broad and short. 

None of the family showed abno 
examination of the 
was no evidence of 
Parkinson- White 
cardiogram. 
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Discussion 


Familial Ebstein’s anomaly is rare. Guet 
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Figure 3 Proximally 
placed and externally 


rotated little toes in 7e , je, 


la, and 2c 





reported a 20 year old man and his sister aged 
12, who were born to second cousins, and who 
both died of Ebstein's anomaly.' Donegan et al 
reported the condition in a boy and his mater- 
nal uncle. Simcha and Bonham-Carter re- 
ported two families; in one two brothers were 
affected and in the other a father and daughter 
were affected.' Watson in a large international 
cooperative study of 505 cases could only find 
two examples of siblings with this condition. 
Our report is, therefore, to our knowledge, the 
largest of its kind. 

Extracardiac abnormalities have. been re- 
ported in association with Ebstein's anomaly, 
most notably by Siebert et al who described 
four unrelated cases in which Ebstein’s 
anomaly occurred as part of a syndrome of 
multiple malformations.” All four were different 
and none resembled our cases. Case 4 seems 
to have the OEIS syndrome (omphalocele, 
exstrophy, imperforate anus, and spinal 
defects). ' 

The skeletal abnormalities in the family we 
studied seem to be familial traits, but it 1s not 
clear whether they are part of an inherited 
syndrome that includes Ebstein's anomaly as a 
feature, or whether they are coincidental. The 
findings in the hands resembled Dupuytren's 
contracture, but were congenital and non- 
progressive. 

The most likely mechanism for the inher:- 
tance of Ebstein’s anomaly in this family is 
autosomal dominance. Males were more 
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severely affected than females. The degree of 
variability in the male cases makes X-linkage 
unlikely, but in the absence of male to male 
transmission this cannot be excluded. 

This family also shows that Ebstein's 
anomaly continues to be a poorly understood 
cardiac problem with a wide spectrum of 
clinical presentation. Watson suggested that 
most patients are either symptom free or have 
only slight symptoms.’ This may mean that the 
incidence of familial cases is underestimated. 

There is a need for a systematic study of 
Ebstein’s anomaly by echocardiography and 
Doppler techniques to determine what propor- 
tion of those who present clinically have mildly 
affected relatives and to define the anatomical 
features of the milder defects. 
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Influence of racial origin on admission rates of 
patients with suspected myocardial infarction in 


Birmingham 


P J Lowry, P Lamb, R D S Watson, K E Ellis, S P Singh, W A Littler, B L Pentecost 


Abstract 

All patients with suspected myocardial 
infarction admitted to hospital in four 
Birmingham health districts were 
studied to test the hypothesis that Asian 
patients would be overrepresented and 
Caribbean patients underrepresented 
compared with the indigenous popula- 
tion. One thousand four hundred and 
ninety six patients had a final diagnosis of 
myocardial infarction or severe angina 
pectoris. The relative risk of admission 
for Asian men compared with white men 
aged 45-64 years was 2:65 (95% confidence 
interval 2°20 to 3°19) and the risk for 
Asian men was high for both myocardial 
infarction and ischaemia when analysed 
separately. The relative risk of admis- 
sion for Caribbean men compared with 
white men was 0:53 (95% CI 0:33 to 1:20). 
The relative risk for Asian women com- 
pared with white women in the same age 
group was 2:58 (95% CI 1:68 to 3:96), but 
this was due to an excess of admissions 
diagnosed as ischaemia rather than 
infarction in the Asian women. For 
Caribbean and white women tbe risk of 
admission was the same, although sig- 
nificantly fewer Caribbean women were 
admitted with myocardial infarction. 
The study was undertaken in 1986-87 and 
population data had to be derived from 
the 1981 census. The resident population 
changed in those five years and so the 
results were recalculated making.allow- 
ances for these changes in the health 
districts involved. Based on these data 
the admission rate for Asian men with 
suspected myocardial infarction aged 
45-64 was nearly twice that for white 
men (1:8): the relative risk of admission 
for Asian men compared with white men 
was 2:04 (95% CI 1:53 to 2:18). For Carib- 
bean men the relative risk compared 
with white men was 0-45 (95% CI 0°29 to 
0-71). For Asian women the relative risk 
of admission calculated from the adjus- 
ted census data resembled that in white 
women aged 45—64 years. The relative 
risk for admission with coronary heart 
disease in Asians is higher than expected 
from previous reported work; one possi- 
ble explanation for this is that the Asian 


population resident in the area under 
study was larger than estimated. The 
single major difference in risk factors was 
the high prevalence of diabetes mellitus 
in Asians (19-45% compared with 8:375 for 
white residents) but this did not wholly 
account for the excess of admissions 
from the Asian community. 


Though as a general rule emigrants are 
healthier than the population left behind’ 
their mortality from cardiovascular disease 
tends to be intermediate between that of their 
home country and the land of adoption.’ 
Within one or two generations, however, the 
pattern of mortality changes towards that of 
the adopted country, as shown by westernised 
Japanese-Americans.? Although the incidence 
of coronary artery disease in India and Paki- 
stan 1s not well documented, these rates are 
believed to be lower than those found in 
Britain so that the high mortality from coron- 
ary disease seen in Asians exceeds both that of 
the indigenous white population in Britain 
and their region of origin. High mortality 
from coronary disease in Indian migrants has 
also been reported from other parts of the 
world’? whereas the prevalence of coronary 
artery disease in black people both in the West 
Indies and in their country of adoption is 


.less!?; none the less in the United States of 


America mortality from coronary artery dis- 
ease in black men 1s similar to that of white 
men, though it may be excessive in black 
women.'?!! The city of Birmingham has large 
Asian and Caribbean communities and offered 
the opportunity to observe whether the expec- 
ted excess of coronary disease in Asians and 
the anticipated low prevalence in Caribbeans 
compared with the indigenous white popula- 
tion were reflected in different hospital admis- 
sion rates for suspected myocardial infarction 
and to explore reasons for any observed dif- 
ferences. 


Patients and methods 

Patients were studied from 1 July 1986 to 30 
June 1987 in five hospitals ın four health 
districts with a total population of 0-84 million. 
Only patients under the age of 65 years and 


normally resident within the health districts 
were included. Our data relate to all patients in 
whom a diagnosis of myocardial infarction was 
suspected and in whom the final diagnosis was 
one of cardiac pain caused by coronary disease. 
Myocardial infarction was confirmed by the 
development of typical electrocardiographic 
changes and/or a rise in cardiac enzymes to at 
least twice the upper limit of the normal range 
for the hospital concerned. Ifinfarction was not 
confirmed and the diagnosis of coronary 
ischaemia could not be substantiated patients 
were excluded from the study. Details of age, 
sex, occupation, address, ethnic origin, risk 
factors, and past medical history were recorded 
on admission. Details of blood cholesterol (if 
measured on day 1 of admission), final outcome, 
and final diagnosis as assessed by the medical 
team in charge of the patient were recorded 
after discharge, death, or transfer from hos- 
pital. The information was collected by doctors 
and nurses working on the coronary care units 
or the emergency admission units. 

The estimate of the population at risk was 
calculated from the 1981 census using Small 
Area Statistics which records the number of 
persons usually resident in private households 
whether born inside or outside the United 
Kingdom categorised by age and sex of 
residents, and by birthplace of head of house- 
hold for each electoral ward contained within 
the four health districts in the study." 
Narrower age bands of five or 10 years are not 
available for individual wards. The white 
group included all those born in Great Britain, 
Northern Ireland, and the Republic of Ireland, 
the Asian group included all those born in the 
Indian subcontinent, and the Caribbean group 
all those born in the West Indies. T'otal popula- 
tion statistics were calculated for the three 
racial groups according to sex, and separate 
totals were obtained for those between the ages 
of 30 and 44 years, and 45 and 64 years. The age 
and sex structure of the three communities 
differed considerably with a relative excess of 
men in the Asian group; for example, in the 45— 
64 age group, the male:female ratio was 0-98:1 
for white residents, 1-1:1 for Caribbeans, and 
1-6:1 for Asians. In view of these differences 
most results are expressed according to sex. 
The Asian and Caribbean populations are 
young with very few members over the age of 
65 years unlike the aging white population (fig 
1). In the five years since the population census, 
the numbers of Asians and Caribbeans entering 
the 30—44 age group have been greater than the 
number leaving the 45—64 age group. In view of 
this, the admission rate with myocardial infarc- 
tion or myocardial ischaemia was calculated in 
two ways; firstly on the population data of 1981 
and secondly on an adjusted population base. 
The adjustment assumed that between 1981 
and 1986 one third of the people in the 30—44 
age group moved into the 45—64 age group. It 
was also assumed that one quarter of the white 
population moved out of the 45—64 age group, 
but because the Asian and Caribbean popula- 
tions had few people in the older groups, none 
was assumed to have moved out of the 45—64 
age group. This calculation would almost cer- 
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Figure 1 Population of three racial groups by age in 
years from 1981 census and according to adjusted census 


tainly result in an overestimate of the Asian and 
Caribbean population at risk (fig 1). The adjust- 
ment gave an estimated population of 83 481 
white men, 9200 Asian men, and 5923 Carib- 
bean men, and 85 427 white women, 5930 
Asian women, and 5356 Caribbean women in 
the 45—64 age group. There are no good data on 
changes in the number of Birmingham citizens 
from the New Commonwealth and Pakistan 
(NCWP), or indeed of any other city or district 
within the United Kingdom, between 1981 and 
1986. One estimate suggests an annual national 
increase in citizens of NCWP origin of 90 000, 
mostly from South Asia." Two thirds of the 
increase is accounted for by births; when 
allowance is made for deaths the figure is 
approximately 140 000 new migrants over the 
five years. Between 1983 and 1985 the West 
Midlands contained an average of 20% of the 
citizens of South Asian origin living within the 
United Kingdom." If it is assumed that a 
similar proportion of the new migrants entered 
this region a population increase of 28 000 
would be predicted. Approximately 25% of the 
West Midlands NCWP population was housed 
in Birmingham" suggesting a possible increase 
of around 12 300 even though we know that the 
overall population of Birmingham has fallen by 
20 000 during the same five year period." If the 
migrants had an age and sex distribution 
similar to the existing population an increase of 
around 1600 between the ages of 45 and 64 
would be expected of whom two thirds would 
be men—-about 1070. This is likely to be an 
overestimate because the expected pattern of 
migration was thought to involve predomi- 
nantly the female partners of those already 
within the United Kingdom. This would finally 
adjust the figure for Asian men aged 45—64 to 
10 270 and that for women to 6460. 
Differences between the populations based 
on actual numbers were assessed by the y? test 
and 95% confidence intervals (95% CI) for 
relative risk were calculated. Differences in 
prevalence of risk factors were assessed by the 
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Table 1 Demographic data 
Number of Number aged 45—64 years 
Deaths 

Population 1981 census Admissions wnfarctrons Male Pemale 

V——— -—-———Á—— m m —À—  "ilnasg 45-64 years 
Group Male Female Male Female Male Femals Populanon Admissions Population Admissions ( male) ( Female j 
White 348082 366023 897 391 ' 606 222 82 806 596 87 488 206 11503) 71(42) 
Asian 44 426 37 746 184 36 122 15 7024 134 3782 23 15(14)  13(12) 
Canbbean 20 875 21 991 24 6 15 3 5005 19 4090 4 1 (0) 1 (0) 


standard error of the difference between the 
proportions of each risk factor between the 
groups. Cholesterol concentrations were asses- 
sed by Student's unpaired t test. 


Results : 

We studied 1496 patients judged to have a final 
diagnosis of myocardial infarction or severe 
angina pectoris. Table 1 records the relevant 
demographic data for the study. 


ALL MALE PATIENTS , 
The indigenous white male population had 897 
admissions with suspected myocardial infarc- 
tion, an admission rate of 258/100 000 white 
population. One hundred and. eighty four 
Asian men were admitted, an admission rate of 
414/100 000, and from the Caribbean com- 
munity only 24 men were admitted, an admis- 
sion rate of 115/100 000 population. Compared 
with the white population only 114 Asian 
admissions would have been expected but there 
were 184 (p « 0-001); this contrasts with 53 
expected admissions from the Caribbean com- 
munity, where there were only 24 (p « 0-001). 
The admission rate for definite myocardial 
infarction was 71/100 000 for white residents, 
275/100 000 for Asian residents, and 72/ 
100 000 for Caribbean residents. There was a 
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Figure 2. Admission rate for suspected myocardial 
infarction in each racial group[100 000 population aged 
45—64 years according to 1981 census data and adjusted 
population data for men. 





significant difference in the admission rate be- 
tween Asian residents and white residents 
(p « 0-001). 


MEN AGED 45-64 YEARS 

Most patients admitted in the study were in the 
45—64 age group (66%). For men in this age 
group, the differences in admission rate per 
100 000 population when either the 1981 cen- 
sus data or the adjusted census data were used 
remained highly significant (fig 2). With the 
1981 census data, there were 720/100 000 
admissions in the white group, 1908/100 000 in 
the Asian group, and 380/100 000 admissions 
in the Caribbean group. The adjusted census 
data gave admission rates of 714/100 000 for 
white residents, 1304/100 000 for Asian 
residents, and 321/100 000 for Caribbean 
residents. The admission rate per 100 000 
population from the Asian community was 2-7 
times the admission rate from among the white 
residents (p < 0:001) calculated from the 1981 
census data and 1-8 times the admission rate 
calculated from the adjusted census data 
(p < 0-001). The relative risk of admission 
from suspected myocardial infarction for Asian 
men compared with white men was 2-65 (95% 
CI 2:20 to 3-19) when the 1981 census data 
were used and 2:04 (95% CI 1-53 to 2-18) when 
the adjusted population data were used. The 
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Figure 3. Admission rate for men in each racial group] 
100 000 tion aged 45—64 years for 

myocardial infarction ( MI) and acute myocardial 
ischaemia according to 1981 census data and adjusted 
population data. 
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Figure 4 Admission rate 
for suspected myocardial 
infarction in each racial 
group/100 000 population 

: aged 45—64 years 

. according to 1981 census 
data and adjusted 
populanon data for 
WOMEN. 


Figure 5 Admission rate 
for women tn each racial 
group/100 000 population 
aged 45—64 years for 
confirmed myocardial 
infarction ( MI) and acute 
myocardial ischaemia 
according to 1981 census 
data and adrusted 
population data. 
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Caribbeans were underrepresented compared 
with the white community when the 1981 
census data were used (p < 0-01) and when the 
adjusted data were used (p « 0-001). For 
Caribbeans, the relative risk compared with 
white residents was 0-53 (95% CI 0-33 to 1-20) 
when the 198] census data were used and 0-45 
(95% CI 0-29 to 0-71) when the adjusted 
population data were used. 

When the results for myocardial infarction 
and myocardial ischaemia are analysed 
separately the same pattern emerges (fig 3): 393 
white residents, 90 Asians, and 14 Caribbeans 
had a definite infarct. The admission rate per 
100 000 for definite myocardial infarction was 
475 for white residents, 1281 for Asians, and 
280 for Caribbeans when the 1981 census data 
were used, and 491, 876, and 236 respectively 
when the adjusted census data were used. The 
corresponding admission rates per 100 000 for 
ischaemia were 245, 626, and 120; and 243, 428, 
and 101. For myocardial infarction and 
myocardial ischaemia, when both the 1981 
census data and the adjusted data were used, 
the admission rate from the Asian community 
was higher than expected when compared with 
the white community (p < 0-001 for each 
comparison). The relative risk of being admit- 
ted with a definite myocardial infarct for Asian 
men aged 45—64 compared with white men was 
2-70 (95% CI 2-15 to 3-39) when the 1981 
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Admission rate/ 100000 


ischaemia 
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census data were used and 1:86 (95% CI 1-48 to 
2-33) when the adjusted population data were 
used. In the Caribbean community the dif- 
ference was not significantly different for 
ischaemia alone when the 1981 census data 
were used but it was significantly less than 
expected compared with the indigenous white 
population for myocardial infarction when the 
1981 census data were used (p « 0-05) and for 
myocardial infarction (p < 0-01) and 
ischaemia (p « 0-05) when the adjusted census 
data were used. The relative risk of myocardial 
infarction in Caribbeans compared with the 
white residents when the census data for 1981 
were used was 0-59 (95% CI 0-35 to 1:00) and 
when the adjusted data were used it was 0-50 
(95% CI 0-29 to 0-85). The case fatality rate per 
100 admissions with suspected myocardial 
infarction in men aged 45—64 was not signifi- 
cantly different in the Asian and white groups 
(table 1). 


ALL FEMALE PATIENTS 

The admission rate per 100 000 for white 
women was 107, and this did not differ sig- 
nificantly from the admission rate for Asian 
women (95). The admission rate (27) for Carib- 
bean women was significantly lower than that 
for white women (p « 0-001). Similar findings 
were seen in those patients admitted with 
definite infarction: the admission rate was 63 for 
white women, 40 for Asian women, and 14 for 
Caribbean women (p « 0-001 for Caribbean 
women compared with white women). 


WOMEN AGED 45-64 

For the 1981 census data the admission rate per 
100 000 for Asian women was higher than for 
white women (608 v 235 (p < 0:001)5 the 
relative risk of admission was 2-58 (95% CI 
1-68 to 3-96) (fig 4). The admission rate for the 
Caribbean group (98) was not significantly 
different. When the adjusted census data were 
used the admission rate in Asian women was 
not significantly different from that in white 
women. The admission rate for Caribbean 
women was significantly less (75) than that in 
white women (p < 0:02). 

There was no significant difference in admis- 
sion rates for definite myocardial infarction 
between Asian and white women either for the 
1981 census data or the adjusted data (fig 5). 
Significantly fewer Caribbean women were 
admitted (p « 0-05). : 

According to the 1981 census data signifi- 
cantly more Asian women than white women 
were admitted with myocardial ischaemia 
(p < 0-001). The case fatality rate was similar 
in all three groups. 


RISK FACTORS 

Sixty per cent of the Caribbean patient group 
had hypertension: this prevalence of hyperten- 
sion was significantly greater than that found 
in either the white or the Asian groups 
(p < 0-001); a high prevalence of diabetes 
mellitus was also found in the Caribbean group 
although this difference was not significant 
(table 2). Of the Asian patients 19-5% had 
diabetes mellitus, a significantly higher pre- 
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Fagure6 Proportion of 
mam Astan ethnic groups 
in Birmingham: ( A) aged 
230 years m the 
commumty (B) aged 

> 30 years admitted to 
hospital. 


Table 2 Numbers of patients admitted with risk factors {percentage of total admissions) 











Diabetes Lifelong Total number 

Hypertension - mellitus Smoking Ex-smoker non-smoker In group 
White - 

All patients 278 (22 3) 103 (8 3 588 (47 1) 381 (30 3 256 (20 5) 1246 

Male (45—64 years) 120 (20 n 47 (19 315 (52 9) 188 (31 84 (14 1) 596 

Female (45—64 years) 60 (29 1 14 (6 8) 94 (45 6) 50 (24 3) 56 (27 2) 206 
Asian 

All patients 56 (25 5) 43 (19 5) 104 (47-3) 32 ney 5) 82 (37 3) 220 

e (45-64 years) 26 (19 4) 25 (18 7) 76 (56 7) 24 (17 9) 32 (23 9) 134 

Female (45—64 years) 13 (56 5) 9(39 1) 1 (4 3) 0 22 (95 7) 23 
Caribbean 

All patients 18 (60 0) 7 (23-3) 10 (33 3) 9 (30 0) 11 (36 7) 30 
valence of diabetes mellitus than in the white Discussion 


patients (8:394) (p.« 0-001). It is difficult to - 


standardise for this risk factor when the 
frequency of diabetes in the base population is 
unknown but the relative risk of admission in 
non-diabetics can be calculated by referring to 
the overall population: this gives & relative risk 
of 2-34 (95% CI 0:56 to 9-718) in Asian men 
aged'45—64 years compared with- white men. 
For non-diabetic Asian women in this age 
group the relative risk was 0:85 (95% CI 0-50 to 
1-45). 

Different smoking trends were observed. The 
numbers of current smokers were similar but 
there was a significantly greater proportion of 
lifetime non-smokers in the Asian group 
(p < 0-001) anda larger number of ex-smokers 
in the white group (p < 0:01) and West Indian 
group (NS). The mean (SEM) cholesterol 
concentration in 384 white patients was 6-68 
(0-33) mmol/l. There were no significant dif- 
ferences between the groups even after adjust- 
ment for age. Asian women had a significantly 
higher prevalence of hypertension and diabetes 
than Asian men and both white men and 
women (p < 0-001 for all groups). 

Although the inpatient Asian population was 
broadly similar to that of the total Asian 
community for region of origin, there was a 
trend towards overrepresentation of Pakistani 
Moslems and underrepresentation of Indian 
Hindus and Sikhs (fig 6). The prevalence of 
diabetes mellitus was similar among patients in 
all subgroups of the Asian population (between 
20% and 40%). 


PAST MEDICAL HISTORY 

The only significant difference was that a history 
of angina was more common in the white group 
than the Asian group (p < 0-05). 





indian 
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This study confirms a high incidence of coron- 
ary events requiring hospital admission in 
people from the Indian subcontinent living in 
Britain, which contrasts with the lower 
incidence seen among West Indians. This 
accords with earlier studies from the United 
Kingdom"? and other parts of the world,$? 
although the relative risk (2-04) seen for Asian 
men aged 45—64 was greater than in other 
studies where it ranged from 1:2 to 1-5.!^? This 
could reflect an inaccuracy in the calculation of 
the resident Asian population under study. 
There are major difficulties in obtaining an 
accurate picture of the racial make up of the 
population in a large conurbation at any one 
time. We adjusted the census data on the basis 
of migration figures but these calculations 
involve much supposition which cannot be 
validated. Outmigration—that 1s members of 
the Asian community leaving the area since 
1981—cannot be calculated but any such 
reduction in numbers would reduce the 
population at risk. Immigration, in particular 
the growth of the Asian population over the five 
year period since the census was taken, 15 
difficult to calculate. We attempted to allow for 
this but all the figures can only be likely 
estimates based on the crude data.^P We 
would have preferred to analyse the data in 
narrower age bands and so reduce error in 
population shifts by age but no such data are 
available in Small Area Statistics for political 
wards. We thought that the error introduced 
into the denominator by the use of population 
data for five year age bands either for Birming- 
ham alone or for the whole of the West 
Midlands would have been greater. The Asian 
community is substantially younger than the 
indigenous white population and iffive year age 
bands are not used this difference introduces 
further inaccuracies. We believe there would 
be a greater proportion of the population in the 
lower end of the 45-64 range. We therefore 
assumed that there was no loss of Asian popula- 
tion from this range in the group aged 265 
years. Both this allowance and the assumption 
that one third of the population would have 
moved from the 30—44 years age group, which 
is probably an overestimate, tend to exaggerate 
the true population of the Asians aged 45—64 
years. Such a bias would tend to underestimate 
the difference that we found in the admission 
rates. It might. have been helpful to look at 
comparative data for a disease for which Asians 


would be expected to have a lower age standar- 
dised admission rate than white residents, for 
example, cancer. However, information on 
death or diagnosis of cancer on discharge from 
hospital was not recorded by ethnic origin 
either on the cancer registry or by the 
individual health authorities. 

The patients in this study were seen in 
emergency admitting units and coronary care 
units but a few patients with chest pain were 
admitted to other wards and included. It is 
likely that some patients with coronary disease 
who had a myocardial infarction were not 
identified as such on presentation and were 
admitted to wards other than a coronary care 
unit, the diagnosis becoming apparent later in 
their hospital stay. Again, these numbers will 
be small because doctors tend to err on the side 
of caution when dealing with chest pain—when 
myocardial infarction is suspected overdiag- 
nosis is more common than underdiagnosis. No 
account was made of patients seen in the 
casualty department and sent home. By 
documenting every patient's address, we have 
been able to identify and exclude patients living 
outside the study area, but bave been unable to 
identify patients resident in the area of the 
study who have been treated in hospitals out- 
side the four health districts involved. This is 
unlikely to be a large number, however, 
because of the ambulance policy which is to 
take all patients with suspected myocardial 
infarction to the nearest hospital. It is likely 
that some people who lived within the area 
were admitted from their place of work situated 
outside the four districts during the working 
day but the large contiguous area covered by 
the four health districts in the study would 
minimise this source of error. 

It is true that the hospital population may not 
entirely reflect the community prevalence of 
coronary disease but this study was concerned 
with the impact on the hospital service of racial 
variations in the disease. 

Asian men had a high admission rate for 
coronary disease compared with the indigenous 
white population. Asian women, however, 
were overrepresented only in the group with 
ischaemia and it may be that difficulties in 
communication and understanding have resul- 
ted in some women being incorrectly diag- 
nosed; where there was a hard end point of 
myocardial infarction, there was no increase in 
admission rate, unlike the results for Asian 
men. A broad overview of risk factors confirmed 
that a greater number of Asians are lifetime 
non-smokers though the prevalence of smoking 
in Asian men aged 45-64 years was the same as 
in white men. Unlike white women, very few 
Asian women smoke. This accords with other 
studies.”*! The high prevalence of diabetes 
mellitus is not surprising in view of previous 
reports?" and its known prevalence in the 
Asian community.'^? A prevalence of diabetes 
mellitus of approximately 6% has been repor- 
ted in Asians aged 45-49 years rising to an 
excess of 12% in 60-69 year old Asians, about 
five times the rate seen in white people.” Our 
study found a prevalence of 19-594 diabetes 
among Asian patients and this may go some 
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way to explain the higher incidence of acute 
coronary events in this section of tbe popula- 
tion. The relative risk in non-diabetic Asian 
men was also high compared with white men. 
Conversely, Asian women did not have a high 
relative risk of admission but the prevalence of 
diabetes was high in the patient group. This 
suggests that diabetes alone cannot account for 
the differences in admission rates. If the popula- 
tion estimate is higher than that calculated, 
however, the prevalence of diabetes mellitus 
might account for more of the increased risk. 
As in this study, others have not found high 
cholesterol concentrations in Asian patients 
with coronary disease" or in the Asian popula- 
tion; however, only total serum cholesterol 
was measured and only a third of all patients 
had their cholesterol measured on admission. 

The lower admission rate among people of 
Caribbean origin described here is compatible 
with their recorded low mortality for coronary 
artery disease. Among those who were admit- 
ted with suspected myocardial infarction there 
was a high prevalence of diabetes but numbers 
were small and did not achieve statistical sig- 
nificance. Hypertension, however, was more 
prevalent in the Caribbean patients than in the 
other two groups. This study did not help to 
clarify why Caribbeans have such a low risk of 
coronary artery disease. 

The admission rate to hospital for confirmed 
myocardial infarction or myocardial ischaemia 
among Asian men in Birmingham was higher 
than that of the indigenous white population. 
The single major difference in risk factors was 
the high prevalence of diabetes mellitus in all 
Asian groups,” a higher prevalence than would 
be expected in the Asian community. The 
morbidity resulting from diabetes mellitus and 
coronary disease represents a considerable 
problem in the Asian community and this is 
going to increase as this young population ages 
and if the attendant high admission rate to 
hospital continues. 


We thank all the nurses and physictans of the coronary care units 
and emergency admitting units involved m this study. 
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Figure 1 [Initial 
A> right ventricular and 
B) left ventricular 


angiograms taken in à 
right anterior oblique 
projection showing 
pulmonary atresia with a 
blind ending infundibulum 
and good sized confluent 
pulmonary arteries 
supplied by the ductus 


arteriosus 
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Percutaneous laser valvotomy with balloon 
dilatation of the pulmonary valve as primary 
treatment for pulmonary atresia 


] M Parsons, M R Rees, ] L Gibbs 


Abstract 

A neonate with pulmonary atresia and 
an intact ventricular septum with a 
tripartite right ventricle was success- 
fully treated by percutaneous balloon 
dilatation of the pulmonary valve. This 
was facilitated by previous laser 
valvotomy with a hot tip Trimedyne 
laser wire. There were no major com- 
plications. Four weeks later the patient 
was discharged home on no medication 


with peripheral oxygen saturations of 


70% in air. 


The management of patients with pulmonary 
atresia and an intact ventricular. septum 
depends upon individual cardiac anatomy. In 
patients with a tripartite right ventricle and 
confluent pulmonary arteries, pulmonary 
valvotomy is usually favoured.’ This has the 
advantages of decompressing the right ven- 
tricle (which is usually at suprasystemic pres- 
sure) and at the same time permitting 
anterograde flow into the pulmonary trunk, 
thereby promoting symmetrical growth of the 
pulmonary arteries. It has been suggested that 
laser valvotomy might offer an alternative to 
surgical pulmonary valvotomy.* 


We our experience with 


report 


percu- 


taneous balloon dilatation of an imperforate, 
dvsplastic, pulmonary valve after initial laser 
valvotomy in a neonate with pulmonary 
atresia and an intact ventricular septum. 


Case report 

A male neonate (34 and 
2-2 kg) was investigated at age 
because of central cyanosis. Cross sectional 
echocardiography showed pulmonary atresia 
with an intact ventricular septum. The pul- 
monary trunk measured 7 mm in diameter; 
the pulmonary arteries were confluent and a 
srnilar size. The pulmonary valve was dvs- 
plastic and imperforate. The right ventricle 
was tripartite. Colour flow mapping confirmed 
that the pulmonary circulation was dependent 
on flow through the ductus arteriosus. There 
was tricuspid regurgitation and the right 
ventricular systolic pressure was estimated to 
be suprasystemic. He was ventilated and 
treatment with intravenous prostaglandin E 
was started. Cardiac catheterisation was per- 
fermed from the left femoral vein. Initial right 
and left ventricular angiograms performed in 
a right anterior oblique projection confirmed 
the echocardiographic findings. The atretic 
pulmonary valve was clearly identified (fig 1 
The coronary artery anatomy seemed normal. 


weeks' gestation 
3 weeks of 
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Figure 2 Right 
ventricular angiogram 
after laser valvotomy and 
balloon dilatation clearly 
showing anterograde filling 
of the pulmonary arteries. 


A size 4 French cobra catheter was mani- 
pulated into the blind ending infundibulum. 
A series of angiograms, taken in several dif- 
ferent projections, were performed to ensure 
that the catheter was in a stable and suitable 
position, pointing posteriorly in line with the 
pulmonary trunk. Once this position was 
established a 0-018 inch Trimedyne floppy 
laser wire with a hot tip was passed through 
the catheter until it came in contact with the 
atretic pulmonary valve. The wire was con- 
nected to a Nd-Yag laser. Two bursts, each 
lasting two seconds, providing 3 W contin- 
uous wave laser energy proved sufficient to 
enable the wire to pass through the valve. The 
wire was kept in continuous motion with short 
to and fro movements in order to prevent it 
fusing with the delivery catheter or the intima 
of the pulmonary artery. The wire was then 
positioned in the distal right pulmonary artery 
without complication. We then attempted to 
advance the 4 French cobra catheter along the 
laser wire, across the pulmonary valve, and 
into the right pulmonary artery. Because this 
was not possible, an attempt was made with a 
3mm diameter coronary artery balloon cath- 
eter; however, this also proved unsuccessful. 
A 5 French cobra catheter was then reposi- 
tioned within the infundibulum. A 0-014 inch 
high torque coronary angioplasty guide wire 
was advanced across the pulmonary valve 
through the passage created by the laser guide 
wire. The wire was then manipulated into a 
stable position within the distal left pulmon- 
ary artery. A 2 mm diameter coronary balloon 
catheter was then successfully positioned 
across the pulmonary valve and inflated twice. 
The procedure was repeated with a 5 mm 
diameter balloon catheter. Further dilatation 
with a larger balloon was not attempted 
because of recurrent episodes of supraven- 
tricular tachycardia and blood loss, estimated 
at approximately 50 ml. At the end of the 
procedure the systolic right ventricular pres- 
sure had fallen from 115 mm Hg to 74 mm 
Hg. A right ventricular angiogram was 


repeated. This showed anterograde flow into 
the pulmonary arteries and confirmed that 
there was no extravasation of contrast outside 
the heart (fig 2). 





lreatment with intravenous 
E, was continued for three weel 
underwent repeal 
pulmonary valve and right ventricula 
tract with a 7 


halloon 11! ita 


mm diameter balloot 


One week later, after treatmen! 
taglandin E. was stoppe 
arteriosus closed. His  peripl 


saturation in air was 70% and th 
Doppler gradient across the p 
was 40 mm Hg. He was discharged hor 
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Discussion 
The current management for pa 
pulmonary atresia and an intaci 
septum with a tripartite right vi 
confluent pulmonary arteries 
monary valvotomy. Many centres 
tinue intravenous prostaglandin | 
the ductus arteriosus from 
time for right ventricular complianc: 
Subsequently, if there is still 
anterograde pulmonary flow, ther 
pulmonary shunt is usually created 
with critical pulmonary stenosis 
have similar haemodynamic 
features. A similar surgical approac 
used in the past to treat these patici 
recently, however, this group of pa 
been treated successfully 
balloon dilatation 
Interventional cardiac catheteris: 
niques have until recently been unhelpfi 
treatment of patients with pulmona: 


4 


ma 


WILD DCI 


because there has been no reliab 
crossing the atretic pulmonar 


report shows that this is possible 
energy delivered by a hot tip quartz fib 
The use of laser techniques to trea 
with peripheral vascular disease 


artery disease’ is well reported. Fib 


"wires" are manipulated through guiding 


eters to the site of arterial obstruction 
beam is then either focused direct] 
atheromatous lesion itself, or else is foi 
to a metal tip of a laser wire, which he: 
delivers sufficient thermal energ 

the obstruction. The advantages of 
method 1s that there is greater contro 
risk of perforation is less. We, therefor 
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positioning of the laser wire into the pulmonary 
artery proved straightforward we experienced 
some difficulty in getting a catheter to advance 
along the wire and cross the pulmonary valve. 
The principal reason was that the floppy distal 
part of the laser wire, which was 40 cm long, 
did not provide sufficient support to enable the 
catheter to pass through the laser valvotomy 
channel. Potential solutions to this problem 
would be either to manipulate the laser wire 
through the ductus arteriosus and well into the 
descending aorta (which we were unable to do) 
thereby leaving the stiff portion of the wire 
across the valve or to manufacture a laser wire 
. with a shorter floppy tip. Improvements to the 
taper of the catheter tip may: also be helpful. 
Using the methods described we were able to 
perform the technique without major com- 
plication or morbidity. The procedure times 
and screening times were long; but this was an 
unfamiliar technique performed for the first 
time. Further.experience should lead to a 
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reduction in these times. The immediate result 
in our patient was comparable to that achieva- 
ble with surgical pulmonary valvotomy, and 
accords with the early experience with laser 
valvotomy reported from Guy's Hospital.? The 
long term results clearly require further evalua- 
tion. Laser valvotomy combined with per- 
cutaneous balloon dilatation of the pulmonary 
valve, therefore, offers great potential in the 
treatment of patients with pulmonary atresia. 


I Anderson RH, Macartney FJ, Shinebourne EA, Tynan M 
a cardiolagy. Edinburgh: Churchill Livingstone, 
1987-718-9 

2 Qureshi SA, Rosenthal E, Tynan M, Anjos R, Baker H. 
Transcatheter laser assisted pulmonic valve dilatation in 
pulmonic valve atresia. Am J Cardiol 1901,67 428-31 

3 Ladusans EJ, Qureshi SA, Parsons JM, Arab S, Baker E], 
Tynan M Balloon dilatation of critical stenosis of the 
pulmonary valve in neonates. Br Heart J 1990;63:362~7. 

4 Sanborn TA, Cumberland DC, Greenfield AJ, Welsh CL, 
Guben JK. Percutaneous laser thermal angioplasty: initial 
results and 1 year follow up in 129 femoro-popliteal 
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THE 70TH ANNUAL GENERAL MEeEBTING of the British 
Cardiac Society was held at the Scottish Exhibition and 
Conference Centre, Glasgow on 30 April to 3 May 1991. 
The President, D Chamberlain, took the Chair during 
private business. A McLeod and D Ward (on the 
retirement of S Hunter and I Hutton) and R Hall (on the 
retirement of A Henderson) were elected to Council. 


Deaths during the year: 
T E Lowe, J Kempson Maddox, J H Wright. 


New Members 1991: 

M Baig (Leeds); N Banner (Harefield); P Barnes (Salford); 
H Bethell (Hants); M Buchalter (Cambridge); N Buller 
(London); V Challenor (Southampton); J Chambers (L.on- 
don); A Coats (Oxford); T Cripps (Oxford); P Cummins 
(Birmingham); S Davies (London); K Evans (Swansea); A 
Fairfax (Stafford); A Fitzpatrick (Southampton); D Hack- 
ett (London); M Heber (Telford); K Hogg (Glasgow); S 
Holmberg (London); A Jones (Salisbury); C Jones (Car- 
diff}; N Jowett (Pembrokeshire); C Kirk (Cardiff); S Large 


(Cambridge); R Levy (Manchester); N Lewis (Cardiff); : 


P Lewis (Stockport); R Lewis (Yorkshire); J Lyons 
(Surrey); A McCance (Leicester); J McEwan (London); J 
McMurray (Glasgow); J Martin (London); R Maxwell 
(Gwynedd); W Morrison (Liverpool); D Mulcahy 
(London); M Papouchado (Bristol); J Parsons (Leeds); 
C Pattison (London); S Pocock (London); W Pugsley 
(London); P Quigley (Dublin); A Redington (London); S 
Richardson (Belfast); M Rigby (London); D Sandler 
(Derbyshire); D Smith (London); J Smith (London); 
T Spyt (Leicester); N Sreeram (Liverpool); P Sutton 
(London); P Thomas (London); P Wilmshurst (London); 
K Woods (Leicester). 


New Corresponding Members: 
R Falk (USA); H Madiera (Portugal); S Mody (India). 


The following are abstracts of the papers that were 
presented. 


Medical audit in the coronary care unit 


H J F Why, P Stafford, M R Thomas, R More, 
R Grocott-Mason, D' E Jewitt 
Cardiac Department, King’s College Hospital, London 


Systematic medical audit to assess and improve the quality 
of care has become an established part of routine clinical 
practice. In many departments this has relied on the exam- 
ination of case records drawn at random from those of 
recent inpatients. The incomplete nature of this system 
gives no information on overall patient management strate- 
gies in an acute specialty such as cardiology. To monitor 
aspects of patient management within a coronary care unit 
(CCU) a tailor made, computerised system has been intro- 
duced, allowing the rapid collation of information for 


monthly, quarterly, and yearly audit. All patients admitted 
to the CCU have a form attached to their records on which 
details of their age, sex, diagnosis, drug treatment and 
other management, investigations, complications, and out- 
come are recorded. Forms are updated on the daily CCU 
ward round and on discharge from the unit. Information is 
coded and entered into a specially constructed computer 
database. Statistics are compiled by an audit program, 
writen in dBASE programming language, to produce 
monthly and quarterly reports. These provide a break- 
down of age distribution, length of stay, drug treatment, 
and outcome within diagnostic categories. The data are 
automatically formatted to produce an output that can be 
directly displayed at monthly clinical audit meetings with- 
out the need for further intervention or modification. Case 
notes relating to any deaths or complications are retained 
for discussion. During the first nine months of operation 
402 patients were treated in the CCU and their details 
entered into the database. The resulting output provided 
an accurate picture of our acute cardiac management and 
led to a number of changes in management policy. 

This system represents a straightforward and inexpen- 
sive approach to a more complete medical audit without 
imposing a large time burden on medical staff. It would be 
applicable to any unit and could be extended to cover any 
other areas of inpatient care. 


Is the time saved by thrombolysis in accident and 
emergency departments significant? 


G Parry, N Wrightson, S S Furniss, D S Reid, 
P C Adams 

Royal Victoria Infirmary and Freeman Hospital, 
Newcastle upon Tyne 


The earlier thrombolysis is administered after myocardial 
infarction the greater the reduction in mortality. From July 
1989 to November 1990 thrombolysis was administered to 
264 patients with prehospital onset of acute myocardial 
infarction, 160 at the Royal Victoria Infirmary (RVI), 
where patients are admitted to the coronary care unit 
(CCU) from an accident and emergency department, and 
104 at Freeman Hospital (FH), where patients are admitted 
directly to the CCU as there is no accident and emergency 
department. The catchment areas of these hospitals are 
similar. Time (minutes) from onset of pain to arrival in 
hospital was shorter in the RVI than in FH (145 v 193; 
p < 0-0001). Time from arrival to thrombolysis was longer 
in the RVI than in FH (84 v 52; p < 0-0001). Thus the time 
from onset of pain to thrombolysis in each hospital 
(RVI = 228, FH = 243; p = 0-09) was similar. In the RVI 
thrombolysis was given in the accident and emergency 
department to 39 patients and in the CCU to 121 patients. 
In the accident and emergency department thrombolysis 
was given earlier after the onset of pain (176 wv* 245; 
p = 0-0008) and earlier after arrival in hospital (49 v 96; 
p < 0-0001) than in the CCU. Patients treated at the RVI’s 
accident and emergency department were compared with 
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patients treated at FH. After arrival in hospital the delay in 
receiving thrombolysis was the same in both groups, but 
administration of thrombolysis was sooner after the onset 
of pain in the RVI's accident and emergency department 
(176 v 243; p 2 0 0004). 

Provision of thrombolysis 1n an accident and emergency 
department can allow a subgroup of patients to receive 
thrombolysis almost 50 minutes sooner than after transfer 
to a CCU. Even direct admissions by a general practitioner 
to a CCU are associated with delay in receiving throm- 
bolysis, which might be avoided by direct patient access to 
an accident and emergency department with facility for 
thrombolytic administration. 


Thrombolysis at home: a dream became reality in 
the south of Italy 


V Rosano, F Romeo, G M C Rosano, A Reale 
Department of Cardiology, University of Rome; Catania; 
Vibo Valentia 


We describe a programme of thrombolysis at home that is 
running in the south of Italy. The programme started in 
March 1990 with the purpose of treating patients with 
suspected acute myocardial infarction at home with throm- 
bolytic treatment. The organisation consists of 364 local 
doctors trained in thrombolysis who administer the drugs 
at home; 25 cardiologists from our coronary care unit; a 
system of on line electrocardiographic transmission; and 
two ambulances equipped with resuscitation equipment. 
The doctors administer the thrombolytic agent after trans- 
mission of the electrocardiogram and consultation with the 
coronary care unit team. If the diagnosis of suspected acute 
myocardial infarction is confirmed by the cardiologists 
from the coronary care unit the ambulance leaves the 
hospital with an emergency team composed of two para- 
medical staff and a cardiologist. T'he programme aims at 
treating patients from a general population of 400000 
people. The thrombolytic drug administered is recom- 
binant tissue-type plasminogen activator. Fifty three 
patients with suspected acute myocardial infarction have 
been treated so far. The diagnosis of acute myocardial 
infarction was confirmed in 21 of the 53 patients by electro- 
cardiographic and enzymatic changes. The average time 
elapsed from the onset of symptoms and thrombolysis was 
33-8 (25) minutes, and the average time from thrombolysis 
to admission to the coronary care unit was 75:6 (21-7) 
minutes. No deaths and no major bleeding complications 
were registered in the 53 patients treated. T'wenty three 
patients had non-Q wave myocardial infarction and three 
required emergency coronary artery surgery. Although we 
have treated a small number of patients, we found tbe 
administration of the thrombolytic drug safe enough to 
continue giving it at home. 


Clinical audit increases thrombolysis prescription 
rates to elderly patients with suspected acute 
myocardial infarction 


T J Hendra, A J Marshall 
Derriford Hospital, Plymouth 


Fears of haemorrhagic complications, and doubts about 
efficacy, may limit thrombolysis prescription to elderly 
patients with suspected acute myocardial infarction. Ret- 
rospective five month audit of 264 patients aged > 64 
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admitted to the coronary care unit (CCU) found that 110 
(42%) had acute myocardial infarction, of whom 13 (12%) 
received streptokinase, and 32 (35%) had such treatment 
withheld either because of dyspepsia or for unsatisfactory 
reasons. CCU staff were informed of this low thrombolysis 
uptake rate and nursing staff were instructed to question 
senior house officers when thrombolytic treatment was not 
prescribed for patients with chest pain. One year later a 
second, prospective five month audit was performed with- 
out the knowledge of CCU staff. During the second audit 
55 out of 119 (46%) patients with acute myocardial 
infarction received either streptokinase or recombinant 
tissue-type plasminogen activator (p < 0-01 compared 
with first audit) and 13 out of 79 (16%) patients with unsta- 
ble angina also received thrombolytic treatment. Reasons 
for omitting treatment were significantly different between 
the two studies (p < 0-02 by y? test). Similar numbers of 
patients in both the first and second audits were excluded 
because of specific contraindications (20 (22%) v 17 
(26%)), delay in presentation after onset of chest pain (14 
(15%) v 18 (28%)), and delay in diagnosing acute myo- 
cardial infarction (25 (28%) v 23 (36%)). More patients 
were excluded because of dyspepsia (10 (11%) v 1 (2%)) or 
for unstated reasons (22 (24%) v 5 (8%)) in the first com- 
pared with the second audit. 

The audit process has identified an easily remediable 
deficiency in the clinical management of elderly patients 
with acute myocardial infarction and has resulted in an 
improved thrombolysis uptake rate which is now similar to 
that reported in younger patients. 


Audit of extended ambulance aid in management 
of cardiac arrest 


C F M Weston, M R Stephens 
University, Hospital of Wales, Cardiff 


Ambulance crews receiving extended training learn the 
skills of vein cannulation, endotracheal intubation, drug 
administration, arrhythmia recognition, and defibrillation. 
We present a retrospective analysis of 274 report forms and 
electrocardiograph rhythm strips related to the manage- 
ment of out of hospital cardiac arrest by ambulance staff 
with these skills. Seven (2:596) patients were managed for 
primary respiratory arrest; three were later discharged 
from hospital alive. In 98 (35-894) patients the initial 
resuscitation protocol was for ventricular fibrillation (VF); 
26 were admitted and 17 discharged. In 169 (61-794) 
patients the initial resuscitation protocol was for asystole or 
electromechanical dissociation (EMD); 11 were admitted 
and one was discharged. Endotracheal intubation was 
attempted in 226 cases and was successful in 214 (94-794). 
Vein cannulation was attempted in 219 cases and was suc- 
cessful in 192 (87-799). Drugs were administered to 71 
patients presenting in VF and to 145 patients in asystole or 
EMD. We judged that drugs were important in restoring 
cardiac output in four of the 17 survivors of VF and in the 
patient who survived EMD. Ninty seven per cent of drug 
administrations were non-contributory. There were devi- 
ations from the VF protocol in 27 (27-5976) cases: 11 related 
to incorrect energy of the first shock, 13 to incorrect timing 
of drug administration, and three to inappropriate drug 
usage. There were 27 (16:076) deviations from the asystole 
protocol. The majority related to failure to complete the 
protocol and there were four cases of inappropriate drug 
use. 

This study shows the need for continuing medical audit 
of paramedical practice. 
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Financial audit of antitachycardia pacing in 
patients with supraventricular tachycardia 


M J Griffith, R S Bexton, J M McComb 
Freeman Hospital, Newcastle upon Tyne 


This study assessed the financial implications of antitachy- 
cardia pacing in patients with frequent supraventricular 
tachycardia. Intertach pacemakers were implanted in 24 
patients (mean age 46 years, five males): 21 had atrio- 
ventricular nodal re-entry tachycardia. A mean of 4-9 
(range 0—8) drugs had failed and patients had been admit- 
ted to hospital a mean of 3-29 (0-31) times over a mean 
symptomatic period of 12-3 years (2 months to 25 years). 
The mean admission time for implantation was 2-8 (2-7) 
days. One patient with the Wolff-Parkinson-White syn- 
drome underwent surgery. Over a mean follow up period 
of 21 (2-42) months all patients had their symptoms well 
controlled. Infection occurred in two patients and 
pain over the pacemaker required resiting in two. Two 
patients were admitted for supraventricular tachycardia. 
Six patients continue to take antiarrhythmic drugs. Costs 
were calculated, including value added tax, capital charges, 
and allocated overheads. The cost per year before pacing 
was £605 including drug costs (£163), clinic visits (£139), 
and hospital admissions (£303). The mean cost of pace- 
maker implantation was £3379, including the pacemaker 
and lead (£2839), admission and procedure (£369), read- 
missions (£ 136), and first pacing check (£35). Subsequent 
annual follow up cost was £74, including annual clinic 
visits (£35) and drug costs (£39). The cost of pacing is 
£3823 while medical management costs £3630, assuming 
pacemaker life of six years: with a 10 year life the cost is 
£4219 compared with £6050. 

To conclude, the excess cost of implantation of an anti- 
- tachycardia pacemaker is minimal in patients with frequent 
supraventricular tachycardia despite drug treatment and is 
justified by excellent control of symptoms and reduction of 
drug usage and hospital admissions. 


Balloon dilatation of pulmonary valve for 
palliation of tetralogy of Fallot 


N Sreeram, M Saleem, M Jackson, I Peart, R McKay, 
R Arnold, K Walsh 
Royal Liverpool Children’s Hospital, Liverpool 


We attempted balloon dilatation of the pulmonary valve 
(BV) for palliation of recurrent cyanotic spells or severe 
persistent cyanosis in 67 patients with tetralogy of Fallot. 
Eight patients had associated complete atrioventricular 
septal defects. The median age at BV was 5 months (range 
0:03-52 months) and the balloon to annulus ratio was 1:5 
(range 0-86—3-44). There were no deaths resulting from 
BV. In three patients the pulmonary valve could not be 
crossed and an aortopulmonary shunt was performed at the 
same bospital admission. In the remaining 64 patients the 
systemic arterial oxygen saturation (SaQ,.) after BV 
increased from 74% (range 44-99%) to 90-5% (range 
45—-10096); p < 0-01. Follow up catheterisation and angio- 
graphy were performed in 35 patients 12 months (range 
3—30 months) after BV. Of these, the condition of 24 had 
been adequately palliated by BV (group A), while 11 had 
required an aortopulmonary shunt 1 month (range 0-3 
months) after BV (group B). The two groups were similar 
(p > 0-1) with respect to age at BV, pulmonary annulus 
diameter (AD), ratio of combined pulmonary artery to 
descending aortic diameter (PA:DAO) before BV, and the 
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interval to follow up investigation. Patients in group A, 
however, had an immediate improvement in SaO, from 
74% (range 56-99%) to 91% (range 69-100%) (p « 0-01). 
The change in SaO, in group B was non-significant from 
a median of 67% (range 47-83%) to 76% (range 45-97%). 
The AD in group À had increased from 6-75 mm (range 
3-64—14 mm) to 10-55 mm (range 6-0-26-8 mm) (p < 0-01) 
and was greater than that expected from growth alone 
(p < 0-01) over the same period. The change in AD in 
group B was similar (p > 0:1) to that expected from growth 
alone over the period of follow up. The increase in 
PA:DAO was similar in botb groups from a median of 1:85 
to 2-21 in group A and from 1-67 to 226 in group B 
(p 7 0-1). Of 42 patients who had corrective surgery, 27 
required a transannular patch for reconstruction of the 
right ventricular outflow tract. The use of a transannular 
patch was similar in groups A and B. 

BV is safe, provides adequate palliation, and promotes 
growth of the annulus and pulmonary arteries in tetralogy 
of Fallot. Failure to improve SaO, immediately after BV is 
an indication for an aortopulmonary shunt. 


Mechanisms of relief of right ventricular outflow 
obstruction by percutaneous balloon dilatation in 
tetralogy of Fallot 


I J] M Black, E Rosenthal, S A Qureshi, P B Deverall 
Departments of Paediatric Cardiology and Cardiac 
Surgery, Guy's Hospital, London 


Twelve children with tetralogy of Fallot and increasing 
cyanosis underwent ballon dilatation of the right ventricu- 
lar outflow tract (RVOT) as their only palliative procedure. 
Mean age at the time of the first dilatation was 10-5 months 
(range 5-5 to 20 months). Four children subsequently 
underwent a second balloon dilatation 3:5 to 10 months 
(mean 3 months) after the first procedure. There were no 
major complications during any of the dilatation pro- 
cedures, and all the children experienced an inprovement 
in arterial oxygen saturations. The time interval between 
the first dilatation and total correction was 3 to 19 months 
(mean 9:4 months). At the time of surgery tearing of a 
pulmonary valve cusp was noted in five patients—but in 
none was there any evidence of annular disruption. In eight 
children there was extensive scarring of the infundibulum 
consistent with muscular disruption at the time of RVOT 
dilatation, with subsequent fibrosis and contracture of the 
RVOT. This may have contributed to later recurrence of 
the RVOT obstruction but did not preclude a satisfactory 
surgical repair. Signs of balloon dilatation were absent in 
only one child. 

Balloon dilatation of the RVOT relieves symptoms for 
a variable length of time and is a suitable alternative 
primary palliative procedure in children with symptoms of 
tetralogy of Fallot. 


Five year follow up after balloon dilatation of 
pulmonary valve: is obstruction completely 
relieved at the expense of pulmonary 
incompetence? 


J Masura, M Burch, J E Deanfield, I D Sullivan 
Hospital for Sick Children, London 


No long term data exist after balloon dilatation of the 
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pulmonary valve (BPV). We reviewed 34 of our first 40 
consecutive patients a mean of 5:2 (SD 0-8) years after 
BPV. Twenty seven had isolated pulmonary stenosis, 
five Noonan's syndrome, and two previous surgical 
valvotomy. Six patients were excluded because of death 
(two), residence abroad (two), pulmonary artery stenoses 
(one), and Ebstein's anomaly (one). The transpulmonary 
gradient was 73 (34) mm Hg before BPV, 34 (26) immedi- 
ately after, 22 (9) at catheterisation 6 (0-6) months later (29 
patients), and 19 (10) by Doppler ultrasonography at five 
years. Repeat BPV had been performed in eight patients 
(three with Noonan's syndrome), which was the index pro- 
cedure for analysis. All had symptoms. At five years eight 
patients (four with Noonan's syndrome) had a residual 
transpulmonary gradient >20 mm Hg (group A) whereas 
in the remaining 26 the transpulmonary gradient was 
<20mmHg (group B). In the seven patients with 
Noonan's syndrome and in patients with previous surgical 
valvotomy transpulmonary gradient was reduced from 
74 (24) before BPV to 23 (12) at five years, with the highest 
residual gradient being 41 mm Hg. The balloon to annulus 
ratio was larger for patients with pulmonary stenosis in 
group B than in group A (1:2 (0-1) v 1-0 (0-07), p = 0-005), 
whereas large balloons were used in patients with Noonan's 
syndrome in group A (1:3 (0: 1)). Patients in group B were 
more likely to have significant pulmonary incompetence 
(6/24 v 0/8) and had a greater right ventricular to left ven- 
tricular long axis diastolic dimension ratio (0-47 (0-1) v 0-35 
(0-04), p — 0-05). Pansystolic tricuspid regurgitation on 
Doppler ultrasonography was found in only two patients. 
Relief of transpulmonary gradient persisted at five years 
especially when ‘“‘oversized”’ balloons were used. Accept- 
able results can still be obtained for dysplastic valves. More 
complete relief of transpulmonary gradient was associated 
with increased RV dimension probably because more pul- 
monary incompetence is induced. This is well tolerated at 
five years but may be important in the longer term. 


Early results of transcatheter laser assisted 
balloon dilatation of pulmonary valve atresia 


-S A Qureshi, E Rosenthal, M Tynan, R Anjos, 

A P Kakadekar, E J Baker 

Department of Paediatric Cardiology, Guy's Hospital, 
London 


Transcatheter laser assisted balloon dilatation for pul- 
monary valve atresia was attempted in seven children aged 
1 day to 2 years (weight 2:1—9-1 kg). In five the ventricular 
septum was intact but in two there was also a ventricular 
septal defect. Blalock-T'aussig shunts had been performed 
in three, while in four the arterial duct was still patent. A 
0-018 inch “hot tip" laser guide wire, powered by a 3-5 
Watt Nd-Y AG laser, successfully crossed the atretic valve 
in six patients: in four antegradely from the right ventricle 
and in two retrogradely from the pulmonary artery. Bal- 
loon dilatation of the pulmonary valve was then performed 
with 5-8mm balloons. In one patient with additional 
infundibular atresia the laser wire perforated the right ven- 
tricle during antegrade advancement; the resulting cardiac 
tamponade responded to needle pericardiocentesis and the 
leak had sealed at operation for a shunt three hours later. 
During follow up at 2-8 months oxygen saturations > 85% 
were maintained in all but one (72%) and none required 
surgery. Doppler pulmonary valve gradients ranged from 
18 to 75 mm Hg, and of those with an intact septum, the 
arterial duct had closed in two and the septal defect had 
either closed or become restrictive in all. 
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Laser assisted pulmonary valve dilatation is a promising 
new treatment strategy in patients with pulmonary valve 
atresia. Its potential role in avoiding palliative surgical 
shunting and right ventricular outflow tract reconstruction 
will be determined during longer term follow up. 


Balloon dilatation of aortic recoarctation: 
determinants of haemodynamic results 


E Rosenthal, R Anjos, S A Qureshi, I Murdoch, 

E J Baker, M Tynan 

Department of Paediatric Cardiology, Guy’s Hospital, 
London 


Balloon dilatation of recoarctation of the aorta was per- 
formed in 26 patients who underwent 30 procedures over 
eight years. Age at first dilatation ranged from 2-6 months 
to 18-3 years (median 8 months). After dilatation the 
systolic gradient decreased from 49 (17)mm Hg to 20 
(17)mm Hg (p < 0-001). The gradient was <20 mm Hg 
after the first dilatation in 17/26 (65%) patients. In the 
remaining nine patients gradients of 25-80mmHg 
remained. During follow up of 2 months to 6:7 years (mean 
1-8 years) five of the 17 patients with good initial results 
developed further restenosis needing repeat dilatation or 
surgery (one for an aneurysm). Of the nine patients with 
gradients ^ 20mm Hg, one had repeat dilatation and three 
reoperation; five were managed conservatively. After fol- 
low up of 2 months to 6-7 years (mean 1-8 years) 15 (58%) 
patients had a good and 11 (42%) a poor late result. Two 
(8%) patients developed aneurysms, one early and one 2 
months after balloon dilatation. The aortic diameters at 
different levels of aortic arch and isthmus, normalised to 
aortic diameter at diaphragm level, in patients with good 
results were significantly larger than those in patients with 
poor results. A balloon to aortic diameter ratio at 
diaphragm level close to 1-0:1-0 had a significantly favour- 
able influence on late results; ratios of «0-8:1:0 were 
associated with a poor outcome, both early and late. 

Balloon dilatation, though a preferable alternative to 
surgery, occasionally fails to produce a good result. This is 
influenced both by the anatomy of the aortic arch and by 
the balloon to aortic ratio at diaphragm level. 


Assessment of suitability of atrial septal defects 
for transcatheter closure in children: role for 
transoesophageal echocardiography? 


M E C Blackburn, J M Parsons, J L Gibbs, 

D F Dickinson 

Department of Paediatric Cardiology, Killingbeck 
Hospital, Leeds 


The ability of transoesophageal echocardiography to iden- 
tify the features of oval fossa atrial septal defects that deter- 
mine suitability for transcatheter closure was assessed in a 
prospective study. The features considered were size, 
fenestration, adequacy of margin for anchorage of the 
device, and clearance from right pulmonary veins, coro- 
nary sinus, inferior caval vein, and mitral valve. Findings 
were compared with operative anatomy and precordial 
echocardiography. Transoesophageal echocardiography 
with a 5 MHz, 13 mm single plane oesophageal transducer 
was performed in 12 anaesthetised children before surgery. 
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Age and weigbt at study ranged from 3 to 9 years (median 
5) and from 13 to 23 kg (median 17). All studies took less 
than 10 minutes and were uncomplicated. One defect had 
multiple fenestrations, not identified on precordial echo- 
cardiography. Direct measurement of the horizontal size of 
the defect was possible and estimation of vertical size was 
attempted by noting movement of the endoscope at the 
teeth while the defect was scanned from its superior to 
inferior margins. In all cases distances from the defect to 
the posterior atrial wall and to the mitral valve could be 
measured. The coronary sinus was seen in four patients. 
The caval veins and pulmonary venous inflow were 
identified in all patients but not in the same echo plane as 
the defect. In one case proximity to the inferior caval vein, 
which would have precluded clam shell closure was not 
appreciated. The exact site of entry of the right upper 
pulmonary vein was rarely established. 

Transoesophageal echocardiography provides some 
anatomical detail not readily available from precordial 
echocardiography, estimation of adequacy of margin 
around the defect for anchorage of an occluding device and 
clearance from the mitral valve. It cannot; however, 
reliably identify all the features which determine suitability 
for transcatheter closure such as vertical- size and the 
proximity of the right pulmonary veins, coronary sinus, 
and inferior caval vein, which are not imaged in the same 
plane as the defect. 


Angioplasty of total occlusions by the Magnarail 
system 


D W Smyth, S Thomas, Jennie Metcalfe, C Bucknall, 
D E Jewitt 
Cardiac Department, King's College Hospital, London 


Percutaneous transluminal angioplasty (PTCA) of coro- 
nary occlusions has produced disappointing results, with a 
reported primary success rate of between 42% and 66% 
compared with over 95% in non-occlusive stenoses. The 
Magnarail system (Schneider) may possess advantages to 
improve results. The 0-021 inch guide wire has a steel shaft 
over which balloons of differing diameters may be passed. 
At the tip of the wire is a flexible tungsten spring and a 
l mm olive. This arrangement maximises “pushability” 
and minimises intimal trauma. We investigated the success 
rate in 54 patients with coronary occlusions (left anterior 
descending in 12, right coronary artery in 25, circumflex in 
14, vein grafts in three). The index vessel was considered 
to be occluded in all cases. There was angiographic evi- 
dence of bridging collaterals in 14 patients, retrograde 
collaterals in 33, and both in five. Twelve vessels had no 
distal flow. There were no deaths and no patients required 
surgery. The primary success rate (a residual stenosis of 
less than 50% and disappearance of collaterals when 
present) was 83-095. The age of the occlusion could be 
estimated from a change in anginal severity or myocardial 
infarction. In 32 patients it was estimated to be less than 
three months (group À) and in 22 greater than three 
months (group B). The primary success rate in group A 
was 84-095 and in group B 82:0% (NS). The commonest 
reason for failure was intraprocedural occlusion in group A 
(5/5 failures) whereas in group B failure was either due to 
inability to cross the lesion (2/4 failures) or due to the wire 
tracking preferentially into a proximate side branch (2/4 
failures). In 14 patients it was necessary to redilate the 
lesion with a different sized balloon. This was easily per- 
formed over the guide wire. A disadvantage of the system 
was the guide wire opacity which necessitated withdrawal 
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before angiograpHy. It was"often possible to recross the 
lesion even if a dissection was present. 

Thus the Magnarail system is highly successful in 
PTCA of coronary occlusions and has a primary success 
rate that approaches that of PTCA of non-occlusive steno- 
ses. Comparisons with other equipment are required but it 
should be considered the system of first choice in angio- 
plasty of total occlusions. 


Treatment.of chronic coronary artery occlusions 
with the Terumo glide wire 


M R Rees, G C Kaye 


.. Killingbeck Regional Cardiothoracic Unit, Leeds 


Seventeen patients (12 male, five female) with coronary 
occlusions of more.than three weeks duration (range 3 
weeks-2 years) and lesions that could not be crossed with 
conventional or olive tipped wires (Magnum wire—three 
cases) were operated on with either the 0-35 (eight cases) or 
the 0-18 (nine cases) Radiofocus Terumo glide wire. The 
0-35 wire was introduced into the coronary artery without 
a balloon catheter. If this wire crossed a lesion it was with- 
drawn and a conventional wire was introduced along the 
track made by the larger wire. The 0-18 wire was intro- 
duced via a large lumen coronary balloon. Coronary arte- 
ries treated were the right coronary in nine patients, the 
circumflex in three, and the left anterior descending in 
four. The 0-35 wire crossed in five out of eight cases. The 
0-18 wire crossed in six out of nine cases. Angiography after 
angioplasty with the use of these wires showed some degree 
of dissection in all cases. The overall success in our institu- 
tion in crossing occlusions with conventional wires is 41% 
in 80 cases, the use of hydrophilic wires in chronic coronary 
occlusions having increased the primary success rate of our 
procedures. 

Further investigations of this technology may reduce the 
need for expensive devices for the treatment of coronary 
occlusions. 


Myth of the “safe procedure": disobliteration of 
chronically occluded coronary arteries 


J T Stewart, M G Williams, D Mulcahy, L Donne, 
K-W Lau, P Gunnes, U Sigwart, A F Rickards 
Royal Brompton National Heart and Lung Hospital, 
London 


The risk of myocardial infarction and its complications 
should be lower in coronary angioplasty (PT'CA) of chron- 
ically occluded vessels than it is in PT'CA of non-occluded 
vessels. We reviewed the results of disobliteration of 
chronic coronary occlusions at our institution between 
1987 and 1990. An attempt was made to recanalise 98 
occluded vessels in 93 patients (left anterior descending 
artery in 46, left circumflex artery in 14, right coronary 
artery in 28). Primary success (defined as antegrade flow of 
contrast at the end of the procedure) was achieved in 47 
vessels (47-995). Failure to cross the occlusion, without 
adverse consequences, occurred in 41 lesions (41-894). 
Local dissection of the vessel was observed in two cases 
(2%) and thrombus formation was seen in another two 
(2%). An extensive dissection of the target vessel (the right 
coronary artery in all cases) occurred in six patients (6 1%) 
and was associated with chest pain and the electrocardio- 
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graphic changes of acute myocardial ischaemia in five 
(83-394). In all cases chest pain was controlled medically 
(including laser balloon angioplasty in one and stent 
implantation in two), but there was myocardial necrosis in 
three. There was no change in symptom class in three 
patients, but the condition of three deteriorated by at least 
one class and all three patients underwent coronary artery 
bypass grafting, two during the same hospital admission. 

PTCA of chronically occluded coronary arteries is asso- 
ciated with a low primary success rate. The risk of myo- 
cardial ischaemia and infarction is similar to that of PI'CA 
in other settings, despite "support" for the distal vessel via 
collateral channels from the contralateral coronary artery. 
Disobliteration of the right coronary artery in particular 
carries a high risk of dissection (15-896), for reasons which 
are not yet clear. 


Impact of late restenosis in long term outcome of 
percutaneous transluminal coronary angioplasty 
for chronic total occlusions 


J Escaned, R A S Ahmad, S Chow, M F Shiu 
Department of Cardiovascular Medicine, University of 
Birmingham, Birmingham, and Department of 
Cardiology, Walsgrave Hospital, Coventry 


Though percutaneous transluminal coronary angioplasty 
(PTCA) can often recanalise chronically occluded vessels, 
controversy remains as to the clinical benefit of the pro- 
cedure in the long term. We report on the follow up over 
a period of 20 (16) months of 72 patients who underwent 
PTCA for chronic total or functional occlusion. The pri- 
mary success rate was 65%. The groups in whom PTCA 
was successful and unsuccessful were similar in terms of 
age, sex, cardiovascular history, and number of diseased 
vessels and vessels dilated. Of the 25 patients in whom 
PTCA was unsuccessful, eight (32%) were referred for 
coronary artery surgery (CAS) and 17 (68%) were treated 
medically. Of the group in whom the procedure was suc- 
cessful, 27 (57%) remained free of symptoms or had min- 
imal symptoms throughout the follow up and 17 (36%) had 
recurrence of symptoms and underwent repeat angio- 
graphy. All had restenosis of the previously occluded 
artery. Three patients were referred for CAS, 11 under- 
went repeat PTCA, and three continued with medical 
treatment. Repeat PTCA failed in four patients (success 
rate 73%). Three of them were referred for surgery. In 
addition, there were one cardiac and two non-cardiac 
deaths, all in the group in whom PTCA was successful. 
During the first six months of follow up CAS was indicated 
in eight (32%) patients in the group in whom PTCA failed 
while only three (6%) patients in the same group referred 
for surgery because of symptomatic restenosis with or 
without failed repeat PTCA (p < 0-005). Symptomatic 
restenosis occurred, however, in six patients after the first 
six months of follow up (35% of all symptomatic 
restenosis), resulting in three additional referrals for 
surgery and making the total figure of referrals for CAS in 
the successful group six (12%). At the end of follow up a 
significant difference in the number of patients without 
symptoms or with minimal symptoms in the successful and 
failed groups was found among survivers who did not 
undergo CAS (32/35 v. 9/16 respectively, p < 0-03). 

We conclude that patients with successful PTCA of 
chronically occluded arteries benefit in the long term from 
a significant reduction in their anginal symptoms. Late 
symptomatic restenosis seems to be common, however, 
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and is a cause of late referral for CAS, reducing the early 
advantage of successful over failed cases in terms of need 


for surgery. 


Emergency treatment of acute coronary 
dissection during angioplasty 


J T Stewart, M G Williams, T J Bowker, P Gunnes, 
K-W Lau, U Sigwart, A F Rickards 

Royal Brompton National Heart and Lung Hospital, 
London 


Coronary artery dissection causifig acute myocardial 
ischaemia complicates 5% of coronary angioplasty 
(PTCA) procedures. The outcome of emergency coronary 
artery bypass grafting (CABG) in this situation is fre- 
quently unsatisfactory because of delay in re-establishing 
coronary perfusion. To provide more immediate reper- 
fusion we have used, in a non-randomised fashion, laser 
balloon angioplasty (LBA) or self expanding intracoronary 
stents in 44 patients in whom PTCA was complicated by 
coronary artery dissection. LBA was performed in 13 
patients and stent implantation performed in 31. A satis- 
factory immediate result, with restoration of antegrade 
blood flow and resolution of clinical and electrocardio- 
graphic evidence of myocardial ischaemia, was obtained in 
41 patients. In one patient stent implanatation was under- 
taken after an unsatisfactory result on LBA. Emergency 
CABG was performed in one patient after stent implanta- 
tion. Seven patients (23%) receiving stent implantation 
had acute myocardial infarcts (one Q wave, six non-Q 
wave), one of whom died 24 hours after the procedure (3% 
mortality), and one patient receiving LBA had a Q wave 
myocardial infarct. Stent occlusion requiring disoblitera- 
tion within the first week of implantation occurred in two 
patients (one received thrombolysis, the other repeat 
P'TCA) and was associated with non-Q wave infarction in 
one patient. During six months of follow up restenosis 
occurred in four patients in the LBA group (29%) and was 
managed by repeat PTCA in two and CABG in two. In the 
group receiving stent implantation there was one clinically 
silent permanent occlusion and two deaths (1 week and 3 
months after the procedure). Restenosis was seen in two 
patients (6-475) in this group, one of whom underwent 
PTCA and the other CABG. 

Both LBA and coronary stent implantation can ensure 
rapid coronary reperfusion with myocardial salvage in 
acute coronary dissection after PTCA and are acceptable 
alternatives to emergency CABG. LBA has fewer early 
complications, but stent implantation is associated with 
lower rates of restenosis. 


Coronary angioplasty in 1990: experience of 100 
procedures in a centre without on site surgical 
cover 


C M Travill, S Dubrey, J Morgan, S Gibbs, G Venn, 
B T Williams, R Sutton, K ] Beatt 
Westminster and St Thomas's Hospitals, London 


The debate on the need for on site surgical standby for 
coronary angioplasty is based on the currently accepted 
success rates of 90% and the need for emergency surgery 
of between 2% and 5%. Increased operator experience and 
technical advances might be expected to result in an 
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improvement in these figures. We present the data on the 
first 100 procedures since 1 January 1990 performed in a 
centre without on site surgical cover. Coronary angioplasty 
was performed in 90 patients (71 male, age 58-5 years). The 
clinical indication was stable angina in 60 patients, unstable 
angina in 25, postinfarction unstable angina in 13, and 
acute myocardial infarction in two. Single vessel angio- 
plasty was performed in 61 patients, two vessel in 38, and 
three vessel in one and 13 patients had total occlusions. The 
overall success rate was 91%, and 98-9% when total 
occlusions were excluded. There were no deaths or need 
for emergency bypass surgery. One patient sustained a Q 
wave myocardial infarction and one patient bad an abrupt 
occlusion successfully redilated. Two patients were cardio- 
verted for ventricular tachycardia during the procedure, 
one patient required ventilation for a pulmonary embolus 
24 hours after the procedure, and three patients had com- 
plications related to arterial access. Restenosis requiring 
repeat angioplasty was required in nine patients. 

These results in a patient population with a higher than 
average risk profile due to the high percentage with un- 
stable and postinfarction angina suggest that the trend 
towards improved success in coronary angioplasty persists. 
None of the patients required emergency surgery, which 
questions the requirement for immediate on site surgical 
standby for all patients undergoing coronary angioplasty. 


Assessment of cardiac valves by endovascular 
ultrasonography: a new approach 


AR Essop, P J Scott, J F Casey, G J Williams 
Non-Invasive and Cardiac Unit, Killingbeck Hospital, 
Leeds 


Current methods of valve assessment are still not infre- 
quently prone to interpretative error and a “‘gold standard" 
has yet to be found. We assessed intravascular ultra- 
sonography in seven explanted bioprostheses mounted in a 
prototype valve rig approximating 'fnormal" cardiac con- 
ditions and studied them with a 20 MHz mechanically 
rotating probe. This was compared with simultaneous 
video optical images. In five cases good correlation was 
obtained, including orifice area (with a calibrated grid), 
commisural anatomy, leaflet pliability, and tissue charac- 
terisation (calcification v fibrosis v normal). In all five cases 
the mode of valve failure was accurately assessed (critical 
stenosis, two cases; leaflet perforation or tear, or both, two; 
and subacute bacterial endocarditis, one). The maximum 
depth of field in our system was 10-12 mm. This resulted 
in far field attenuation with poor image quality in the 
remaining two valves, which were both large with periph- 
eral tears. 

We conclude that intravascular ultrasonography seems 
to provide definition of anatomy superior to conventional 
imaging systems. The prime use of the present system 
would be in evaluating valve stenosis, or small valves, 
because of its reduced depth of field. The ideal intra- 
vascular ultrasonography imaging system should utilise a 
lower frequency (10-15 MHz) or a larger aperture to 
extend the range and depth of field such that both large and 
small valves, whether incompetent or stenotic, could be 
usefully and accurately studied. 
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Edinburgh randomised trial comparing 
Bjórk-Shiley and porcine valve replacements: 
results at 12 years 


P Bloomfield, D J Wheatley, R Prescott, H C Miller 
Departments of Cardiology and Cardiac Surgery, Royal 
Infirmary of Edinburgh, and Medical Statistics Unit, 
University of Edinburgh, Edinburgh 


Patients undergoing heart valve replacement may receive a 
mechanical prosthesis necessitating lifelong anticoagulant 
treatment or a porcine bioprosthesis without an absolute 
need for anticoagulants. We carried out a randomised pro- 
spective trial to compare the durability and incidence of 
valve related complications of the Bjórk-Shiley mechanical 
prosthesis with the Hancock and Carpentier-Edwards 
porcine prostheses. The mitral valve was replaced in 261 
patients, the aortic in 211, and both in 61; survivors were 
followed up for a mean of 12 years. We found a trend 
towards improved actuarial patient survival with the 
Bjork-Shiley prosthesis, but this was not statistically 
different (Bjórk-Shiley 51-5% (3:2%), porcine 44-494 
(3-296) alive at 12 years; p = 0-08, log rank test). There was 
no significant difference in the actuarial incidence of 
reoperation at five years, but at 12 years significantly more 
patients with a porcine prosthesis had undergone 
reoperation (Bjórk-Shiley 8:5% (2-0%), porcine 371% 
(4199) p < 0-001). An analysis combining death and 
reoperation as end points for an actuarial assessment of 
survival with the original prosthesis intact confirmed 
improved valve survival in patients with Bjork-Shiley 
prostheses (Bjórk-Shiley 48-6% (3-294), porcine 30-094 
(3-094) at 12 years; p < 0-001). Bleeding requiring admis- 
sion to hospital or blood transfusion occurred significantly 
more frequently in those with Bjórk-Shiley prostheses 
(Bjork-Shiley 18:6% (3:299), porcine 7:1% (2:39) at 12 
years; p < 0-01). There was no significant difference at 
12 years in the actuarial occurrence of embolism 
(Bjork-Shiley 21-1% (31%), porcine 26-495 (3:-5%)) or 
endocarditis (Bjórk-Shiley 37% (1:499), porcine 46% 
(1:6%)). 

We conclude that there is improved valve survival 
with the Bjork-Shiley prosthesis but with an attendant 
increased risk of bleeding associated with the need for anti- 
coagulant treatment. 


Late functional results after surgical closure of 
acquired ventricular septal defect 


R H Davies, K D Dawkins, P D Skillington, 

V Lewington, N Conway, R K Lamb, J L Monro, 
J K Ross, D F Shore 

Wessex Cardiac Unit, Southampton 


Between 1973 and 1988, 101 patients (mean age 69 years, 
range 53-88) underwent surgical treatment for acquired 
ventricular septal defect (VSD) in this unit, with an early 
mortality of 20-894. Of the 60 current survivors, 58 (97%) 
were followed up for 38:8 (34) months and form the study 
population. Clinical examination, radionuclide multigated 
acquisition ventriculography, and colour flow mapping 
was undertaken in 46 patients, 42 of them having additional 
24 hour Holter monitoring; the remaining 12 were inter- 
viewed by telephone. Subjective exercise tolerance was 
adequate for daily living in 47 patients (81%) (New York 
Heart Association class I, 29 patients; class II, 18 patients). 
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Left ventricular ejection fraction was reduced at 39% 
(15%) for the group. Colour flow mapping identified a 
small, haemodynamically insignificant residual VSD in 
eight patients (17%). Important, but asymptomatic 
arrhythmias were noted on a 24 hour tape in 28 patients 
(67%), including frequent monomorphic or polymorphic 
ventricular premature beats (17), ventricular tachycardia 
(two), paroxysmal atrial fibrillation (two), paroxysmal 
atrial tachycardia and supraventricular tachycardia, or 
both (seven). Exercise testing failed to provoke arrhyth- 
mias in any patient. 

Despite significant impairment of ventricular function, 
the majority of survivors of surgical repair of acquired 
VSD can expect a good quality of life. Asymptomatic 
arrhythmias are common in the survivors of acquired VSD 
repair and may account for the late mortality in this group. 


-Overcoming peroperative spasm of the internal 
mammary artery: which is the best vasodilator? 


G J Cooper, G A L Wilkinson, G D Angelini 
Department of Cardiac Surgery, University of Sheffield, 
Sheffield 


After mobilisation, vasospasm often reduces flow through 
the internal mammary artery. An established method of 
relaxing the artery and increasing flow is to wrap it in a 
papaverine soaked swab. To our knowledge, the ability of 
other topical vasodilators to overcorne spasm of the internal 
mammary artery has not been studied clinically. We have 
investigated the effect of five agents: normal saline, 
papaverine, nifedipine, glyceryl trinitrate, and sodium 
nitroprusside on free flow in the artery in 50 patients 
undergoing myocardial revascularisation. Under con- 
trolled haemodynamic conditions free flow was measured 
before any pharmacological intervention and a median of 
18-5 minutes after the pedicle had been sprayed with one of 
five agents. Normal saline produced a small increase in flow 
from a median of 23 (range 17-88) to 38 (20-84) ml/min 
(NS), whereas a significant increase occurred with papa- 
verine from 25 (16—78) to 43 (34-112) ml/min (p « 0-01). 
Nifedipine and glyceryl trinitrate raised free flow almost 
threefold, from 23 (14—66) to 71 (45-118) ml/min and from 
23 (14—58) to 62 (46-126) ml/min respectively (both 
p < 0-001). Sodium nitroprusside, however, with an 
increase in flow from 26 (10—58) to 108 (46-196) ml/min, 
250% above control values, proved to be more effective 
than nifedipine and glyceryl trinitrate (p « 0-05). 

We therefore recommend the topical use of sodium 
nitroprusside to relieve peroperative spasm of the internal 
mammary artery. 


Mechanisms underlying intimal thickening in 
arteriovenous bypass grafts 


G D Angelini, A J Bryan, H M Williams, A C Newby 
Department of Cardiac Surgery, University of Sheffield, 
Sheffield 


In pig saphenous vein to carotid artery bypass grafts the 
time course of changes in the following variables were 
related: (a) medial and intimal size by morphometry of 
transverse sections, (b) cell number and density by DNA 
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concentration and by counting nuclei in transverse sec- 
tions, (c) endothelial morphology by scanning electron 
microscopy, and (d) tissue cholesterol concentration. In 
the first week after grafting medial and intimal thickening 
were associated with an increase in cell number. Between 
one and four weeks after grafting further rapid medial and 
intimal thickening occurred without a further increase in 
cell number but with a reduction in cell density, which 
suggested that cell migration, hypertrophy, and the laying 
down of extracellular matrix were responsible. Between 
four and 39 weeks after grafting a slower rate of medial and 
intimal] thickening was associated with a parallel increase in 
cell number and no further change in cell density. A largely 
intact endothelium was observed in grafts recovered either 
one or four weeks after grafting. Cholesterol concentration 
was slightly raised one week after grafting but it declined 
to values similar to those in veins by 27 weeks after 
grafting. 

We conclude that three processes contribute to medial 
and intimal thickening—namely, (a) an initial phase of 
rapid smooth muscle cell proliferation, (b) smooth muscle 
cell migration, hypertrophy, and synthesis of extracellular 
matrix, and (c) a late phase of slower smooth muscle cell 
proliferation. Late smooth muscle cell proliferation occurs 
under a morphologically intact endothelium and without 
progressive cholesterol accumulation. 


Cardiac surgery: breaking with intensive care 


R Pillai, J Butler, S Westaby 
Oxford Heart Centre, Oxford 


The need for intensive care units for the recovery of 
patients undergoing cardiac surgery is questionable on 
clinical and economic grounds. Between January and 
December 1990, 705 adult patients underwent open heart 
surgery at the Oxford Heart Centre. Six hundred and 
twenty five of these patients were managed postoperatively 
through a recovery area. This practice is based on a pro- 
spective study of 245 consecutive patients over the first 
four month period. The mean age of the patients was 63-2 
years, and they underwent a wide variety of operative pro- 
cedures. Ninety per cent of them underwent recovery in a 
dedicated three bedded recovery area where the manage- 
ment protocol led to rapid extubation and step down in 
dependency care. The median tıme for ventilatory support 
was 90 minutes after transfer to the area, with only five 
patients being subsequently admitted to the general 
intensive care unit for prolonged respiratory and cardiac 
support. During the same period only 10 patients were 
electively admitted to the general intensive care. Two 
patients (0-875) in this group died in hospital. 

Our study confirms that nearly 90% of patients under- 
going cardiac surgery today may undergo recovery safely 
and effectively in a more economical area. 


Contribution of systolic compression to impaired 
coronary reserve in cardiac hypertrophy 


D J O'Gorman, M A Turner, Aileen McAinsh, 
P Thomas, D J Sheridan 

Department of Academic Cardiology, St Mary's 
Hospital Medical School, London 


‘The impaired coronary reserve associated with left ventric- 
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ular hypertrophy may be due to a structural change in the 
coronary vasculature or to a functional impairment of flow 
secondary to increased extravascular forces. Left ventricu- 
lar hypertrophy was induced in guinea pigs by aortic con- 
striction. The vascular effects of hypertrophy were studied 
in isolated buffer perfused hearts 72 (6) days after aortic 
constriction (n — 15) and compared with sham operated 
controls (n — 12). Maximal dilatation and heart block were 
induced by adenosine infusion, allowing systolic effects to 
be abolished by brief cessation of pacing. Coronary reserve 
. was defined- as (vasodilated flow)/(basal flow) x 100%. 
Coronary resistance was:computed from the pressure flow 
relation over the perfusion range 30-70 mm Hg. To exam- 
ine the effects of systole on minimal coronary resistance an 
extravascular index was defined as the percentage increase 
in mean flow when systolic effects were eliminated. Basal 
flow, coronary reserve, and the extravascular index were 
measured at a perfusion pressure of 50mm Hg. Heart 
weight was increased in the hypertrophied group (48 
(0-2)g) compared with controls (3-3 (0:1)g) (p < 0-001). 
Basal coronary flow was equal in both groups (3-2 (0:2) v 
3-0 (0-2) ml/min/g), but minimal coronary resistance was 
increased in the hypertrophied group (4:5 (0-44) v 3-70 
(0.37) mm Hg/ml/min/g) (p < 0:05), giving rise to a 
decreased coronary reserve (141% (5:5) v 231% (24:1) 
(p « 0-01). The minimal coronary resistance of the whole 
heart was equal in both groups (0-95 (0-1) e 1-06 (0-1) 
mm Hg/ml/min). The extravascular index was increased in 
-the- hypertrophied hearts (50-299 (3:5) v 457% (5-0)) 
(p « 0-05), despite there being no difference in left ventric- 
ular systolic or diastolic pressure at a constant heart rate 
(200 beats/min). Analysis of the pressure flow relation in 
the beating heart showed a greater increase in minima] 
coronary resistance induced by systole in the hyper- 
trophied hearts (1:6 (0:2) v 0-9 (0-1) mm Hg/ml/min/g) 
(p < 0-05). 
` These findings indicate that coronary reserve is impaired 
in hypertrophied guinea pig hearts because of inadequate 
vascular development. In addition, systolic compression 
reduces coronary flow to a significantly greater extent in 
hypertrophied tban: normal hearts. 


Membrane current changes as basis for 
arrhythmogenesis in hypertrophied myocardium 


Kathryn O Ryder, S M Bryant, G Hart 
Department of Cardiovascular Medicine, University of 
Oxford, Oxford 


In hypertrophied myocardium action potential duration 
(APD) is prolonged, and this may be a key to the substan- 
tially increased risk of arrhythmias in this condition. Using 
the voltage clamp technique we have investigated mem- 
brane currents in a model of chronic, stable left ventricular 
hypertrophy to find out which current mechanisms are 
involved in APD prolongation. Systemic pressure overload 
was induced by subrenal aortic coarctation in the guinea 
pig. Single cardiac myocytes were isolated by enzymatic 
perfusion, and on stimulation at 0:2 Hz the mean APD at 
90% repolarisation (APD 4.) was 310 (SEM 17) ms in cells 
from sham operated animals (n — 22) and 358 (13) ms in 
hypertrophied cells (n = 34, p « 0-05, unpaired t test). 
The density of the L type calcium current was significantly 
increased in hypertrophy (—111 (0-7)pA/pF, n = 34, 
compared with —8:6 (0-4)pA/pF in control myocytes, 
n—25, p « 0-02). The current generated by sodium- 
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calcium exchange was elicited by interrupting action 
potentials at different times and clamping to the resting 
potential. This current, which is also the principal com- 
ponent of the arrhythmogenic “transient inward" current, 
was greatly increased and prolonged in hypertrophied cells 
(current density — 1:6 (0-2) pA/pF in controls, n = 7, —2°8 
(0-2) pA/pF in hypertrophy, n — 23, p « 0:01). The time 
dependent potassium current, i, is not significantly 
different in hypertrophied cells. Increases in calcium and 
sodium-calcium exchange current therefore account for 
APD prolongation in hypertrophy. 

In this model of hypertrophy not associated with heart 
failure we found an increase in cell contractility. Mean cell 
shortening on depolarisation was 8:4 (1-2) um in control 
myocytes n= 15, 20 0 (1-8) um in hypertrophied myo- 
cytes, n = 25, p < 0-001. The time to peak contraction is 
unchanged but the duration of contraction is prolonged in 
hypertrophy. 


Diltiazem reduces left ventricle mass without 
increasing myocardial collagen concentration in 
deoxycorticosterone acetate-salt hypertension 


G F Baxter, B J Northover, D M Yellon 

Department of Pharmacy, Leicester Polytechnic, 
Leicester, and Cardiovascular Studies Unit, Department 
of Cardiology, University College Hospital, London 


Some antihypertensive drugs reverse left ventricular 
hypertrophy but may increase the degree of myocardial 
fibrosis if concurrent collagen regression does not occur. 
Laboratory and clinical reports suggest that diltiazem can 
reverse left ventricular hypertrophy but little is known 
about its effects on collagen metabolism. This study exam- 
ined the effects of short term diltiazem treatment on left 
ventricle mass and collagen content in a hypertensive rat 
model. Stable deoxycorticosterone acetate (DOCA)-salt 
hypertension was induced in male rats over 12 weeks. They 
were then divided into two groups. One group (n — 5) 
received diltiazem in distilled water as drinking fluid 
(0-3 mg/ml increased over two weeks to 0-7 mg/ml and 
maintained at 0-7 mg/ml for a further five weeks). The 
other group (n — 6) received distilled water. Normotensive 
controls received tap water throughout. After seven weeks 
hearts were removed and the dry mass of the left ventricle 
free wall plus interventricular septum was determined. 
Collagen content was estimated by spectrophotometric 
assay of hydroxyproline in the hydrolysed samples. ‘There 
was an 18% reduction in systolic pressure in the diltiazem 
treated group (164 (5mmHg compared with 200 
(5)mmHg; p « 0:01). Although left ventricle mass was 
significantly higher in both hypertensive groups when 
compared with normotensive controls, absolute left ventri- 
cle mass was 18:5% lower in the treated group (p < 0:05). 
There was no significant difference between the hydroxy- 
proline concentration in the hypertensive groups but total 
content of hydroxyproline in the treated group was 18:876 
lower than in the untreated hypertensive group (p « 0:05). 

Collagen regression appeared to parallel left ventricle 
mass reduction and there was no increase in the ratio of 
fibrotic tissue within the myocardium after regression of 
left ventricular hypertrophy with diltiazem. Thus it is 
likely that left ventricle mass reduction with diltiazem 
would not be associated with an unfavourable increase in 
myocardial stiffness. 
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Identification of x and $ cardiac myosin heavy 
chain isoforms as major autoantigens in 
idiopathic dilated cardiomyopathy 


A L P Caforio, M Grazzini, G F Bottazzo, 

W J McKenna, S Schiaffino 

Department of Cardiological Sciences, St George's 
Hospital, London; Department of Immunology, 
Middlesex Hospital, London; and Institute of General 
Pathology, Padua 


Immunisation with the cardiac myosin isoform induces 
experimental autoimmune heart disease in genetically pre- 
disposed mice. These mice produce heart specific auto- 
antibodies, some of which are directed against the cardiac 
myosin isoform. We have reported the presence of circu- 
lating heart specific autoantibodies in a subgroup (2576) of 
patients with dilated cardiomyopathy (DCM) by indirect 
immunoflourescence. 'To identify the autoantigen(s) recog- 
nised by heart specific autoantibodies in human disease we 
tested by western blotting serum samples from 14 patients 
with DCM who were positive for cardiac antibody and 25 
controls who were negative for such antibodies (six DCM, 
six ischaemic or valvular heart failure, 13 normal subjects). 
Crude myofibrillar proteins, extracted from fresh frozen 
human atrial or ventricular specimens with alkaline pyro- 
phosphate buffer, were used as antigens. Sodium dodecyl 
sulphate polyacrilamide gel electrophoresis (SDS-PAGE) 
of myofibrillar proteins (5 uljlane) was performed 
(Laemmli's method) with 10% and 4% polyacrilamide 
gels. The proteins were electrophoretically transferred to 
nitrocellulose sheets (Towbin’s method); the paper strips 
were then incubated in serum samples at 1/100 dilution for 
two hours. The reaction was revealed with a peroxidase 
labelled second antibody against human immunoglobulin. 
On western blotting 12 of the 14 (86%) DCM serum sam- 
ples containing heart specific antibodies reacted with both 
the « and f isoforms of myosin heavy chains; none of the 
13 normals (p = 0-0001) and one of the 12 heart failure 
negative control serum samples (8%, p = 0-0002) con- 
tained antibodies against myosin heavy chains. In contrast, 
controls and patients had antibodies to ventricular myosin 
light chain isoform 1 (MLC-1v): DCM serum samples 
(8/14, 5795), heart failure negative control serum samples 
(4/12, 33%), and normal samples (2/13, 15%, p = NS). 

These findings indicate that a and f cardiac myosin 
heavy chain isoforms are major autoantigens in patients 
with dilated cardiomyopathy. 


Diversity of myosin heavy chain mutations that 
cause familial hypertrophic cardiomyopathy 


H C Watkins, D-S Hwang, J G Seidman, 

Christine E Seidman, W J McKenna 

St George's Hospital Medical School, London, and 
Brigham and Women's Hospital, Boston, Massachusetts, 
United States 


Familial hypertrophic cardiomyopathy has been defined as 
a heart muscle disorder of unknown aetiology. Recently we 
showed that mutations in the « and f cardiac myosin heavy 
chain genes cause familial hypertrophic cardiomyopathy in 
some but not all families. Two myosin heavy chain gene 
mutations have been characterised to date: affected indi- 
viduals from one family have an «/f hybrid gene while 
affected individuals from an unrelated family have a fl mis- 
sense mutation. To determine the proportion of familial 
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hypertrophic cardiomyopathy that is attributable to muta- 
tions in the myosin heavy chain locus we have begun a 
systematic screening of the peptide encoding sequences in 
the a and f cardiac myosin heavy chain genes. Single exons, 
derived from DNA obtained from affected individuals in 
40 unrelated families with familial hypertrophic cardio- 
myopathy, were amplified by the polymerase chain reac- 
tion and examined by a combination of denaturing gradient 
gel, single stranded conformational polymorphism, and 
ribonuclease protection analysis. To date, new missense 
mutations have been identified that alter highly conserved 
amino acids in four families. The sites of these mutations 
suggest a clustering effect in a region of the globular head 
of the myosin heavy chain molecule. 

Assessment of the diversity of the mutations causing 
familial hypertrophic cardiomyopathy will provide new 
insights into the myosin heavy chain functional domains 
and may suggest additional candidate proteins for causing 
the disease in families not linked to chromosome 14q11~-12. 
In addition, identification and localisation of myosin heavy 
chain mutations will facilitate development of diagnostic 
probes for familial hypertrophic cardiomyopathy. 


Changes in expression of f myosin heavy chain 
and c-myc genes in left and right ventricles of 
spontaneously hypertensive rats 


M D Gammage, Nicola K Green, D H Mclver, 

A M Heagerty, Jayne A Franklyn 

Departments of Cardiovascular Medicine and Medicine, 
University of Birmingham, Birmingham, and University 
of Leicester, Leicester 


It is proposed that processes that stimulate cardiac hyper- 
trophy are coupled to control of cardiac mass through 
signal transduction pathways mediated by proto-oncogene 
products such as c-myc. To examine the role of c-myc in 
the development of hypertrophy and its association with 
expression of "fetal" contractile proteins we compared 
concentrations of f myosin heavy chain (MHC) and c-myc 
mRNAs in spontaneously hypertensive rats with those in 
Wistar Kyoto controls at 1-84 days after birth (n = 8-10 in 
each group). f MHC and c-myc mRNAs were measured in 
left and right ventricles by northern and dot hybridisation 
to specific oligonucleotides and cDNAs respectively. An 
increase in heart weight was evident in spontaneously 
hypertensive rats by three days (52-9 (SE 1 5) mg v 33-5 
(l1)mg, p < 0-05), with similar differences in weight 
maintained up to 84 days. Transient stimulation of left 
ventricular c-myc mRNA was seen at one and three days 
with no difference from controls at later points (day 1, 0-84 
(0-07) optical density units/total mRNA v 0-5 (0-11) 
(p < 0:01); day 3, 4-12 (0-06) v 1-11 (0:21) (p < 0-005); this 
preceded an increase in left ventricular f MHC mRNA at 
9, 14, and 35 days (day 9, 0-95 (0-14) v 0-53 (0-11) 
(p < 0-05); day 14, 1-99 (0-29) v 1-26 (0-22) (p « 0-05); day 
35, 1-98 (0-31) v 1-33 (0-23) (p « 0-05)). In the right ventri- 
cle there were reductions in f MHC and c-myc mRNAs in 
spontaneously hypertensive rats between 14 and 85 days, 
changes not seen earlier (8 MHC: day 14, 0-36 (0-12) v 3-66 
(082) (p« 001) day 35, 0:24 (009) v 0-98 (0-45) 
(p < 0-005); day 84, 0-14 (0-03) v 0 30 (0-08) (p < 0-005). 
c-myc: day 14, 3-25 (5:83) v 5-83 (0-85) (p « 0-05); day 35, 
3:04 (0-9) v 8-54 (1:2) (p < 0-005); day 84, 0-23 (0 07) v 0-25 
(0-05) (p « 0-005)). 

Transient stimulation of c-myc in the left ventricle is in 
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accord with a role in cardiac growth as well as maintenance 
of 8 MHC expression; later hypertrophic growth in spon- 
taneously hypertensive rats in the absence of myc stimu- 
lation indicates that myc is not an essential signal for 
increases in cardiac mass. Reductions in right ventricular f 
MHC and c-myc mRNAs are compatible with a reduction 
in right ventricular load in this model of hypertrophy. 


Assessment of atrial morphology by paediatric 
transoesophageal echocardiography , 


O Stumper, B Tucillo, M J Godman, J Hess, 

G R Sutherland 

Sophia Children's Hospital, Rotterdam, The 
Netherlands, and Royal Hospital for Sick Children, 
Edinburgh 


Atrial morphology was prospectively evaluated in 86 
unoperated children with congenital heart disease (age 
0-2-14-8 years, mean 3:8 years) by both transoesophageal 
(TOE) and transthoracic echocardiography (TTE) to 
determine the diagnostic accuracy of both techniques and 
to define the potential contribution of TOE in patients with 
atrial septal defects. The information derived from these 
studies was correlated with one another and with that 
obtained by subsequent surgical inspection (53 patients) or 
by cardiac catheterisation, or both (78 patients). TOE 
allowed the visualisation of both atrial appendages and thus 
the direct diagnosis of atrial situs in every case. This was 
not possible in any patient by T'TE. Right and left atrial 
isomerism was defined in two patients each. In one patient 
TTE suggested left atrial isomerism, but she was diag- 
nosed as having situs solitus by TOE. Left juxtaposition 
was defined in four patients by TOE but in only one by 
TTE. All four had subsequent confirmation. Patency of 
the oval fossa was shown.in 21 patients by TOE and in only 
10 by TTE. Left heart catheterisation could be performed 
through the oval fossa in 17 of these patients. In two chil- 
dren secundum atrial septal defects were identified by 
TOE that had been missed by previous T'TE. In the 
remaining 26 children with secundum defects TOE 
allowed a better definition of the relation of the defect to the 
pulmonary veins, the tricuspid valve, and the coronary 
sinus. In particular the anterosuperior rim of the defect was 
consistently better visualised by TOE. Redundant oval 
fossa flap valves were readily 1dentified by TOE. In three 
children sinus venosus defects were identified by TOE that 
had been missed by TTE. All five had subsequent 


confirmation. Multiple atrial septal defects were documen- _ 


ted in four patients by TOE and in only one by TTE. 
Primum defects were equally well documented by either 
technique (nine patients). À subtotal cor triatriatum was 
diagnosed in one child only. by TOE and was subsequently 
confirmed on surgical inspection. 

TOE provides an improved evaluation of atrial mor- 
phology when compared with transthoracic echocardio- 
graphy. It provides the direct diagnosis of atrial situs and 
juxtaposition of the atrial appendages. The atrial septum is 
documented in much more detail by TOE than by TTE. 
Thus TOE may be expected to have a major impact on 
patient selection for transcatheter closure of atrial septal 
defects. 


by 
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Monitoring interventional cardiac catheterisation 
by paediatric transoesophageal echocardiography 


O Stumper, G R Sutherland, A Crommer, 

M. Witsenburg, M J Godman, J Hess 

Sophia Children's Hospital, Rotterdam, The 
Netherlands, and Royal Hospital for Sick Children, 
Edinburgh 


Paediatric single plane transoesophageal echocardiography 
was used in 17 children scheduled for interventional 
cardiac catheterisation (six balloon dilatation of the pul- 
monary valve, four balloon dilatation of the aortic valve, 
one pulmonary angioplasty, two aortic angioplasty, two 
duct occlusion, and two Mustard baffle dilatation) to 
determine its potential value as a dedicated monitoring 
technique. The age at investigation ranged from 0-9 to 14-6 
years (mean 6:0 years), the weight from 9:5 to 49-2kg 
(mean 22-8 kg). The transoesophageal studies were com- 
pleted in all patients without complications being encoun- 
tered. Procedure time was not prolonged in any case. 
Preintervention studies provided important new informa- 
tion in two patients, which led to the cancellation of the 
procedure. The technique allowed real time assessment of 
catheter placement across the aortic valve and the relation 
of the catheter to the atrioventricular valves during balloon 
dilatation of valves and duct occlusion. Chordal rupture of 
the tricuspid valve was documented in one cbild. In a 
further two patients balloon position with respect to the 
atrioventricular valves was modified according to the trans- 
oesophageal findings. Immediate changes in aortic valve 
morphology and functión during balloon dilatation of the 
aortic valve were able to be closely monitored and aortic 
regurgitation could be excluded before each balloon 
inflation. In contrast, only little information on pulmonary 
valve morphology and function could be obtained. Local- 
ised dissection of the descending aorta or the branch 
pulmonary artery could be excluded during angioplasty 
procedures. Transcatheter occlusion of a ductus arteriosus 
was not enhanced by single plane transoesophageal 
monitoring. Valuable morphological and haemodynamic 
information on systemic venous pathway obstructions and 
enhanced guidance of catheter position was provided 
during Mustard baffle dilatations. 

Paediatric transoesophageal echocardiography 1s a new 
important guidance and monitoring technique during 
interventional cardiac catheterisation in children. It pro- 
vides additional important morphological information, the 
immediate identification or exclusion of complications, and 
the assessment of haemodynamic changes. 


Hypoplastic left heart syndrome: increasing 
antenatal detection is associated with diminishing 
prevalence postnatally 


Gurleen Sharland, I Sullivan, Lindsey Allan 
Guy's Hospital and Hospital for Sick Children, London 


During the past 10 years over 600 cases of congenital heart 
disease have been detected prenatally, of which 101 cases 
were the hypoplastic left heart syndrome. Seventy three of 
these cases were seen in the past three years, the rise in 
detection rate being related to the introduction of four 


50 


chamber view screening on routine obstetric scans. Of the 
101 cases, 83 (82%) were referred because the four cham- 
ber view was thought to be abnormal. Of 74 cases diag- 
nosed before 24 weeks’ gestation, the majority of parents 
(85%) elected to terminate the pregnancy when counselled 
about the prognosis. There were three intrauterine deaths 
so that of a possible 101 infants, only 35 reached postnatal 
care. None of these 35 infants survived. Although the 
Norwood procedure or cardiac transplantation are poten- 
tially available to treat these infants, the results are still 
poor. The majority of infants are not treated and die in 
the neonatal period. Two mothers in our series elected for 
transplantation but in neither infant was the procedure 
successful. 

Simultaneously with the increase in the numbers 
detected prenatally has occurred a fall in the number of 
cases seen in a regional paediatric cardiology centre from 
14 to 16 cases in 1986 and 1987 respectively to eight, seven, 
and six cases in 1988, 1989, and 1990 respectively. If the 
four chamber screening programme is extended nation- 
wide this condition could almost disappear from postnatal 
practice. 


Hypoplastic left heart syndrome: 
is transplantation the answer? 


A G Stuart, P M Sharples, E N Hey, S Hunter, C Wren 
Department of Child Health, University of Newcastle 
upon Tyne 


The hypoplastic left heart syndrome (HLHS) is the 
commonest cause of neonatal death from congenital heart 
disease. Cardiac transplantation now offers the prospect of 
a medium term survival of up to 80% but will only become 
a reality if suitable infant donors are available. We per- 
formed a retrospective survey of deaths from HLHS to 
assess the potential need for neonatal cardiac trans- 
plantation and of deaths from anencephaly and head injury 
to try to identify potential donors. Data for the Northern 
region, 1982-0 were obtained from the Regional Surveys of 
Perinatal Death and Fetal Abnormality, the Office of Pop- 
ulation Censuses and Surveys, hospital records, and cor- 
oners’ reports. Forty one cases of HLHS were identified 
(median six per year; 1:6700 live births). Nine out of 41 
(2296) were unsuitable for transplantation because of pre- 
maturity (seven) or multiple congenital abnormalities 
(two), leaving 32 potential recipients. Since November 
1986 nine out of 20 cases of HL HS (45%) were diagnosed 
in utero and in seven the pregnancy was terminated. In 
1982-9 there were no liveborn fetuses with anencephaly 
»2500g birth weight and >35 weeks’ gestation. From 
1979-86, 30 infants died of head injury but 29 out of 30 
(97%) would have been unsuitable as cardiac donors 
because of size >8kg (nine), early death (12), non- 
accidental injury (seven), or cardiac injury (one). 

We conclude that the numbers of infants dying of 
anencephaly or head injury will not be sufficient for neo- 
natal transplantation. If cardiac transplantation is to be 
used in HLHS an alternative source of donors will have 
to be identified. The introduction of widespread fetal 
echocardiographic screening may drastically reduce the 
number of liveborn children with HLHS. 
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Does altitude accelerate the progression of 
pulmonary vascular disease in children with left 
to right shunts? A quantitative morphometric 
lung biopsy study 


S Balaji, Alison A Hislop, S E Levin, Sheila G Haworth 
Institute of Child Health, London, and University of 
Witwatersrand, Johannesburg, South Africa 


The chronic hypoxia of altitude has been shown to raise 
pulmonary vascular resistance in inhabitants of the high 
Andes and the Himalayas. The effect of altitude on pul- 
monary vascular resistance in children with congenital 
heart defects is unknown. We studied 19 children, aged 4 
months to 15 years (median 11 months), with left to right 
shunts (ventricular septal defect (VSD) eight, ductus 
arteriosus (DA) seven, both VSD and DA four) from 
Johannesburg, South Africa (1800m). All patients had 
equal systemic and pulmonary artery systolic pressures at 
cardiac catheterisation. Ratio of pulmonary to systemic 
flow ranged from 0-44 to 3-1 (mean 1 6) and pulmonary 
arteriolar resistance index (PARIx) from 4:2 to 25:5 um? 
(mean 9-7) in air. Pulmonary vascular resistance was reac- 
tive as shown by a fall of PARIx » 2 um? in seven out of 11 
patients with administration of oxygen. Lung biopsy speci- 
mens taken at the same admission were studied with quan- 
titative morphometric techniques. Results were compared 
with normal values at sea level and with those in patients 
with VSD at sea level. All patients showed increased mus- 
cularity of arteries with extension of muscle to peripheral 
intra-acinar arteries. All had “‘arterialised” veins. Intimal 
change was present in 10 patients (mild in seven, severe in 
three). Percentage wall thickness of pre-acinar arteries was 
14-39 (normal, sea level 5:8—6:4 (p < 0-001); VSD, sea 
Jevel 8:0—13-3 (p « 0-001)). Mean percentage wall thick- 
ness of 51—100 um arteries was 22-7 (normal, sea level 7-4 
(p < 0-001); VSD, sea level 162 (p < 0-001) and of 
«50um arteries was 26-4 (normal, sea level 9-6 
(p < 0-001); VSD, sea level 21-9 (p « 0-05)). Arterial size 
(external diameter of arteries accompanying respiratory 
bronchioli) and arterial numbers (alveolar-arterial ratio) 
were both within normal limits. In cases of VSD at sea level 
structural changes in the pulmonary arteries were related 
to age and pulmonary vascular resistance. In our series no 
such relation was seen. 

Children with left to right shunts who live at moderate 
altitude have increased muscularisation of pulmonary arte- 
ries compared with that in their counterparts at sea level. 
Interestingly, however, they show no reduction in arterial 
size or numbers unlike those at sea level. 


Advanced pulmonary vascular disease: 24 hour 
urinary excretion of vasoactive eicosanoids 


I Adatia, Susan Barrow, J Ritter, Sheila G Haworth 
Institute of Child Health, London, and United Medical 
and Dental Schools of Guy's and St Thomas’s 
Hospitals, Guy's Hospital, London 


Prostacyclin (PGI;) and thromboxane (TXA;) have 
opposing actions on pulmonary vascular smooth muscle 
and platelets and PGI, is used in the treatment of 
pulmonary hypertension. We have, therefore, investigated 


Proceedings of the Brinsh Cardiac Society 


eicosanoid biosynthesis in 18 patients with advanced 
pulmonary vascular disease (age 11—24 years, median 
17.5 years; mean pulmonary vascular resistance (PVR) 
17-5 Um^) and in 56 controls (age 11—40 years, median 20). 
We also studied 18 patients (age 0-2-2-25 years, median 0-9 
years) with a left to right shunt and a high pulmonary blood 
flow. but reversible pulmonary vascular changes (mean 
PVR 2-5 Um?) and seven controls (age 0-9~2-25 years, 
median 1:3 years). Twenty four hour urinary concentra- 
tions of the PGI, metabolite 2,3-DN-6-oxo-PGF]a and 
the TXA, metabolite 2,2-DN-TXB, were measured by 
immunoaffinity chromatography and gas chromatography 
electron capture mass spectrometry. In patients with 
advanced pulmonary vascular disease the mean urinary 
concentration of 2,2-DN-6-oxo-PGFla was 139 (SEM 
19)ng/g creatinine, significantly lower than that in the 
controls (184 (13)) (p < 0-05), and the 2,2-DN-T XB, was 
376 (54), significantly higher compared with the controls 
(272 (19)) (p « 0-05). In the younger patients with high 
pulmonary blood flow the 2,2-DN-6-oxo-PGF la concen- 
tration was 437 (43) (control 514 (113)) and 2,3-DN-TXB, 
concentration was 1287 (148) (control 858 (213)). 

PGI, and TXA, biosynthesis may be higher in younger 
children when the pulmonary vascular bed is more labile 
than later. In advanced pulmonary vascular disease there 
may be an imbalance in eicosanoid biosynthesis which 
favours vasoconstriction and platelet aggregation and this 
trend may exist before the development of irreversible 
pulmonary vascular changes. 


Study of low dosage prostaglandin: usage and 
complications 


G K Singh, L V Fong, A P Salmon, B R Keeton 
Wessex Cardiothoracic Centre, ap General 
Hospital, Southampton 


Low dosage intravenous («0-01 ug/kg/minute) and oral 
prostaglandin E have been reported to produce fewer 
complications than higher intravenous doses (0-02— 
0-1 ug/kg/minute) in the manipulation of the arterial duct 
for congenital heart disease. Over a three year period 34 
neonates (aged 30 weeks’ gestation to three weeks; weight 
1:45—3-86 kg) were treated with low dosage intravenous or 
oral prostaglandin for cyanotic (29) and acyanotic (six) 
lesions. Eighteen (53%) had complications associated with 
this treatment, with 14 having more than one complication. 
Major complications occurred in nine (26%) patients— 
necrotising enterocolitis (seven), apnoea or bradycardia, or 
both (five), convulsions (one), haemorrhage (one)—and 
required a change of management. The factors common to 
all neonates who developed necrotising enterocolitis were 
cyanotic congenital heart disease, prostaglandin adminis- 
tration, and enteral feeding. All four premature infants in 
this study developed necrotising enterocolitis. Other com- 
plications included feeding intolerance (seven), pyrexia 
(four), clinical heart failure (three), tachypnoea (two), 
thrombocytopenia (two), and jitteriness (one). 

In contrast to other studies, we report a similar high 
incidence of complications with low dose intravenous and 


oral prostaglandin as has been reported in the use of high. 
intravenous dosage. Prostaglandin usage in any form - 


deserves caution. 
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Comparative aortic root measurement in controls 
and in children and adolescents with Marfan’s 
syndrome 


Vivienne M Miall-Allen, J F N Taylor, P G Rees, 
Sally P Allwork, Sheila G Haworth 
Hospital for Sick Children, London 


Functional aortic root involvement is well recognised in 
adult patients with Marfan’s syndrome, but less is known 
about aortic root involvement in younger patients. Fur- 
thermore, confusion about which regions of the aortic root 
to measure serially and the absence of suitable normal cen- 
tiles for comparison make interpretation of such measure- 
ments difficult. By retrospectively reassessing the aortic 
root dimensions from stored images (obtained by cross 
sectional echocardiography) in 378 children and adoles- 
cents with innocent murmurs normal centiles for four sep- 
arately recognisable regions of the root were obtained. 
These regions included (a) valve annulus, (b) sinuses of 
Valsalva, (c) sinotubular junction, and (d) proximal 
ascending aorta. Corresponding retrospective measure- 
ments from follow up data in 41 patients with Marfan’s 
syndrome aged up to 21 years were obtained for com- 
parison. In patients with Marfan's syndrome the earliest 
change observed was in the sinus of Valsalva region, which 
dilated progressively prepubertally to above the 90th cen- 
tile for age and body surface area but which was not accom- 
panied by aortic incompetence. It preceded postpubertal 
dilatation of the annulus, the latter heralding the onset of 
valve incompetence. 

We conclude that in Marfan's syndrome the four regions 
within the aortic root should be sequentially measured by 
cross sectional echocardiography, with particular attention 
being paid to the valve annulus. 


Absent pulmonary valve syndrome: surgery in 
infants with airway obstruction 


K G Watterson, J L Wilkinson, R B B Mee 
Royal Children's Hospital, Melbourne, Australia 


From 1979 to 1989, 17 infants with the absent pulmonary 
valve syndrome and severe airway obstruction underwent 
extensive pulmonary aneurysmorrhaphy utilising cardio- 
pulmonary bypass (age range 4 days-14 months, mean 5:4 
months; weight range 1-7-9:3 kg, mean 4-8 kg). Twelve of 
these patients underwent associated transatrial ventricular 
septal defect (VSD) closure and infundibular resection and 
a short transannular patch. Two underwent transven- 
tricular VSD closure and infundibular resection and no 
transannular patch; one underwent transventricular VSD 
closure and transannular patch. T'wo patients underwent 
pulmonary aneurysmorrhaphy alone. All 17 infants left 
the operating theatre with good haemodynamic function. 
Three patients (two premature, weighing 1-7, 2:3 kg) died 
(hospital mortality 17-67.) postoperatively (12 days—5 
months) because of severe airway obstruction that could 
not be relieved despite further tracheobronchopexy pro- 
cedures in two of the three patients. One of the 14 patients 
discharged from hospital died subsequently after reopera- 
tion. This patient, the first in the series, was found to have 
an undetected, obstructed right pulmonary artery from 
redundant wall at necropsy. Four other patients success- 
fully underwent reoperation—pulmonary artery branch 
stenosis in two, closure of a previously unrepaired VSD in 
one, and branch pulmonary artery stenosis with significant 
pulmonary incompetence (PI) in one. In the remaining 
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nine survivors PI was present but currently well tolerated. 
In two the right ventricle was dilated but contracting well. 
In seven right ventricular size was within normal limits. 
There were 13 long term survivors (range of follow up 3 
months-7 years, mean 52:3 months). Eight of the 13 had 
episodic wheeze of mild to moderate severity that was 
responsive to sympathomimetic bronchodilator aerosols. 
‘The remaining five were free of symptoms. 

The insertion of a pulmonary valve at operation may well 
not be necessary for a successful outcome. It may, however, 
need to be inserted at a later date because of free PI and 
right ventricular dilatation, as has occurred in one patient 
to date. 


Pulmonary atresia, ventricular septal defect, and 
hypoplastic pulmonary arteries with major 
aortopulmonary collaterals: use of central end to 
side shunt as staging procedure 


K G Watterson, J L Wilkinson, T R Karl, R B B Mee 
Royal Children's Hospital, Melbourne, Australia 


Twenty eight patients with pulmonary atresia, ventricular 
septal defect, hypoplastic pulmonary arteries with major 
aortopulmonary collaterals (MAPCAs), and very small pul- 
monary arteries underwent a direct central end to side shunt 
as a staging procedure between 1980 and 1989. Age range 
was 2 months—32 years, with 19 patients under 1 year of age. 
Two patients had an absent left pulmonary artery and 26 a 
confluent main pulmonary artery, right pulmonary artery, 
left pulmonary artery system. Pulmonary artery diameter 
was 1-1:9mm in seven patients, 2-2 9mm in 17, and 
3-3-9 mm in four. The central shunt was the initial staging 
procedure in 27 patients. There were three hospital deaths 
(10:7%) (70% confidence interval 5% to 20%), including 
one patient who went through the unifocalisation and cor- 
rection in the one hospital admission. Major complications 
in the 25 survivors included congestive cardiac failure from 
over shunting in 10 (mild to moderate with no haemo- 
dynamic instability in eight and severe ventilator dependent 
in two, both of whom then successfully proceeded through 
unifocalisation to correction within one month), endo- 
carditis in one, and tamponade associated with pericardial 
closure in one. There were 25 survivors of the first hospital 
admission and, of these, 13 proceeded through unifocali- 
sation to correction (ventricular septal defect patch fen- 
estration, one patient) with no deaths, including two 
patients who underwent shunting, unifocalisation, and cor- 
rection successfully during the first hospital admission 
(overall 14 corrections with one death). Seven patients await 
further surgical staging. In four patients further staging has 
been suspended because criteria for correction (pRV/LV 
« 0-7, no remaining sizable hypoplastic pulmonary arteries 
with major aortopulmonary collaterals, two out of three lung 
segments connected to native pulmonary arteries) have not 
been achieved in three patients, and one adult patient, much 
improved by the central shunt, has currently withdrawn 
from the programme. ‘There was one late death four months 
after a fourth preparatory operation (open mitral valvotomy 
for mitral stenosis). Proximal right pulmonary artery steno- 
ses occurred in 75% of patients (70% confidence interval 
63% to 85%) and left pulmonary artery stenoses in 50% 
(70% confidence interval 38% to 62%), but overall satis- 
factory pulmonary artery growth was achieved in 75% of 
hospital survivors (70% confidence interval 63% to 85%) 
investigated postoperatively (n — 24). A philosophy of early 
entry into a staged programme has evolved. 
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Aorta-pulmonary window: an echocardiographic 
* blind spot" 


S Balaji, M Burch, I D Sullivan 
Hospital for Sick Children, London 


Though case reports indicate that cross sectional echo- 
cardiography (2DE) can diagnose isolated aorto- 
pulmonary window (APW), the accuracy of diagnosis is 
unknown. We therefore reviewed all 16 patients (age 1 
day-2 years, median 3 months) with APW seen since 1982, 
when routine 2DE became available at our institution. 
When APW was an isolated lesion (seven patients) initial 
2DE diagnosed the lesion in all but one. The exception was 
a cyanosed, dysmorphic neonate with persistent feta) circu- 
lation. The APW was identified on the second 2DE exam- 
ination when she next presented aged 4 months with heart 
failure. In nine patients APW was associated with other 
cardiac abnormalities (ventricular septal defect (VSD) in 
three, coarctation of the aorta (COA) in three, tetralogy of 
Fallot in two, right aortic arch (RAA) in one). The APW 
was diagnosed on the initial 2DE in only three of these. 
APW was diagnosed at the second 2DE examination in 
three patients (two after repair of COA and one with RAA 
in whom the initial study was technically inadequate in an 
unsedated infant). In the remaining three patients, all with 
VSD, the APW was detected at angiography. On review of 
the initial 2DE videotapes in the seven patients in whom 
APW had been “missed” the lesion could be seen in all six 
of those with technically adequate studies, suggesting that 
the APW had been overlooked. The APW was best imaged 
by subcostal paracoronal and parasternal short axis views. 
Colour flow Doppler ultrasonography helped to confirm 
the diagnosis in the three patients seen since this technique 
became available. No false positive diagnosis of APW 
occurred. 

Though 2DE can reliably diagnose APW when it is an 
isolated lesion, APW can be overlooked when other cardiac 
abnormalities are present. In patients with VSD or aortic 
arch abnormalities APW must be specifically excluded. 


What happens to neonates with Ebstein's 
anomaly? 


D S Celermajer, S Cullen, I D Sullivan, R K Wyse, 
] E Deanfield 
Hospital for Sick Children, London 


Little is written about the natural and postsurgical history 
of Ebstein’s anomaly (EA) in neonates. The only report 
(on 11 neonates) showed high early mortality but good 
outcome in those who survived the first three months. We 
reviewed 48 neonates with EA seen from 1960-89, 
presenting at a median age of 2 days. Over half of the cases 
(31/48 (64%)) had been diagnosed since 1980 by echo- 
cardiography. Twenty six had cardiac catheterisation at 
some time, with a high procedure related complication rate 
(11/26 (42%), including two deaths). Associated defects 
(other than atrial septal defect) included pulmonary steno- 
sis (im nine) and atresia (in seven). Eighteen patients had 
surgery (aged 1 day to 18 years; palliative in 12 and intra- 
cardiac in six). Nine patients died as neonates (18% }—six 
of heart failure whose condition was thought to be inoper- 
able, two suddenly, and one perioperatively. In the 39 
patients surviving the first month there were 15 late deaths 
(38% )—five sudden (one of these late after surgery), four 
perioperatively, three with heart failure, two at cardiac 
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catheterisation, and one non-cardiac. Actuarial survival at 
10 years was 50%. Five others whose condition had 
improved as neonates returned 1-8 years later with 
arrhythmia or heart failure, but in these children symp- 


toms improved after surgical or medical treatment. . 


Twenty four survivors were in functional class I or II after 
a mean follow up of 8-8 years. 

Early mortality in EA was therefore high. However, even 
those who survived the neonatal period were at consid- 
erable risk of late arrhythmia, haemodynamic deterio- 
ration, and death. 


Pulmonary blood flow after right heart bypass 
surgery: role of the lungs 


D J Penny, Z Hayek, EA Shinebourne, A N Redington 
Royal Brompton National Heart and Lung Hospital, 
London 


With pulsed wave, transthoracic and transoesophageal 
Doppler echocardiography and simultaneous respirometry 
the effect of changes in intrathoracic pressure on pul- 
monary blood flow was studied in 12 patients after the 
Fontan procedure (FP) and in three patients after total 
cavopulmonary anastomosis (TCPA). In patients after FP 
a biphasic pattern of pulmonary blood flow was observed, 
coincident with atrial and' ventricular systole. Normal 
inspiration caused a significant increase in forward flow in 
the pulmonary artery by a factor of 1:8 compared with 
expiration (p = 0:004). In patients after TCPA blood 
flow into the pulmonary artery was synchronous with 
inspiration, while the development of a larger negative 
intrathoracic pressure of —25cm H,O during a Mueller 
manoeuvre markedly augmented pulmonary blood flow. 
During a brief Valsalva manoeuvre (25 cm HO) there was 
flow reversal in the pulmonary artery. In both groups of 
patients large increases in pulmonary biood flow occurred 
when the chest was expanded by using a negative extra- 
thoracic pressure cuirasse, while the development of a 
positive pressure in the cuirasse caused flow. reversal. 

After nght heart bypass intrathoracic pressure is an 
important determinant of pulmonary blood. flow, which 
may be increased when negative extrathoracic pressure is 
used as a means of respiratory support. 


Myocardial infarction in childhood: clinical 
analysis of 17 patients and medium term follow 
up of survivors 


D S Celermajer, G F Sholler, R Howman-Giles, 
J M Celermajer 
Children' s Hospital, Camperdown, Sydney; Australia 


Myocardial infarction is rare in infancy and childhood; 
Between 1979 and 1989, 17 patients aged 2 months to 12 
years with acute myocardial infarction of any cause (other 
than after cardiac surgery) were seen. Eight died from three 
days to three years after diagnosis (overall mortality 47%). 
The nine survivors, now aged 2-17 years, were followed up 
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for 1 to 10 years (mean follow up 5 years) after infarction. 
The commonest causes of myocardial infarction were 
anomalous origin of left coronary artery from the pul- 
monary artery (six patients (35%)) and Kawasaki disease 
(five patients (27%)). The main symptoms of acute 
myocardial infarction were dyspnoea, vomiting, and 
difficulty in feeding. Diagnosis was made in all cases by 
electrocardiography and confirmed by echocardiography, 
by cardiac catheterisation, or at operation. All survivors 
were free of symptoms and had excellent exercise capacity. 
Left ventricular ejection fraction in survivors ranged from 
21% to 66%, and only one child took regular cardiac 
drug treatment. There were no cases of late sudden 
death. Twenty four hour Holter monitor performed on 
survivors gave normal results (seven cases) or showed only 
minor abnormalities (one case), suggesting that serious 
arrhythmia is rare after paediatric myocardial infarction. 
Myocardial infarction in children has a high early mor- 
tality. However, survivors have a low incidence of serious 
arrhythmia and have good exercise tolerance even in the 
presence of a low left ventricular ejection fraction. 


Activation of ATP sensitive potassium channels is 
involved in endothelium dependent relaxation 
induced by acetylcholine in rabbit coronary 


bci e 


P Collins, C eee P n Poole-Wilson 
Department of Cardiác Medicine, National Heart and 
Lung Institute, London. i 


Hyperpolarisation may contributë partially to endothelium 
dependent vascular relaxation. This study assessed the 
possible inhibitory effects of glibenclamide and barium, 
inhibitors of ATP sensitive potassium (K *) channels, on 
endothelium dependent relaxation. Coronary artery rings 
(n = 6 in each group, mean (SEM)) with and without 
endothelium from adult male New Zealand white rabbits 
were suspended in individual organ baths containing 
modified Krebs solution at 37°C and bubbled with 95% 
oxygen and 5% carbon dioxide. Changes of tension were 
recorded at a resting tension of 1 g. Rings were equilibrated 
for 90 minutes before K* (30 mM) or prostaglandin F,, 
(PGF,,, 3 uM) was added. Acetylcholine (0-1 uM) induced 
relaxation by 47% (4%) of K* evoked contraction (0-8 
(0:1 g)) and by 82% (7%) of PGFP,, evoked contraction (0:7 
(0:2 g)) in rings with endothelium. Glibenclamide (3 uM) 
had no constrictor effect on resting and precontracted 
endothelium intact rings. Barium (1 mM) induced slight 
but non-significant contraction in precontracted rings. 
Glibenclamide and barium partially inhibited the relax- 


, ation induced by acetylcholine. Glibenclamide (dissolved 


in ethanol, 34M) reduced relaxation induced by acetyl- 
choline (0-1 4M) in K* (30mM) and PGF,, (3uM) 
precontracted endothelium intact rings to 41% (5%) 


"(p < 0:05) and 71% (6%) (p < 0-05) respectively. Like- 


wise barium (1 mM) reduced the relaxation induced by 
acetylcholine (0-1 uM) in K* and PGE,, precontracted 
rings to 39% (5%) (p < 0-02) and 69% (5%) (p < 0 01) 
respectively. Acetylcholine (0-1 4, M) induced no significant 
relaxation in rings without endothelium. 

These results suggest that activation of ATP sensitive 
K* channels is part of the mechanism of the endothelium 
dependent relaxation induced by acetylcholine in isolated 
rabbit coronary artery preparations. 
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Cyclic guanosine monophosphate inhibits cardiac 
a, adrenergic induced positive inotropy and 
phosphatidylinositol hydrolysis 


A M Shah, H G Evans, M J Lewis 

Departments of Cardiology and of Pharmacology and 
Therapeutics, University of Wales College of Medicine, 
Cardiff 


a, Adrenergic induced positive inotropic effects are associ- 
ated with and may be due to phosphatidylinositol (PI) 
hydrolysis and generation of the intracellular second mes- 
senger inositol trisphosphate (IP4). In vascular smooth 
muscle cyclic guanosine monophosphate (cGMP) inhibits 
noradrenaline induced IP, production, but its role in myo- 
cardium is not established. We studied the effects of four 
different cGMP increasing interventions on phenylephrine 
(PE) induced inotropic effects and IP. concentrations 
(measured by a selective protein binding assay) in isolated 
ferret papillary muscle preparations (with 1 uM acebutolol 
and 10mM lithium chloride). PE (1nM to 104M) 
had a concentration dependent positive inotropic effect, 
at 10uM increasing isometric force by 22% (4%) and 
unloaded shortening velocity (V man) by 25% (4%) (n = 14) 
and IP, content by 59% (n = 10). In muscle preparations 
stimulated by 10uM PE (n 2 8) a threefold to sixfold 
increase in CGMP concentration by 1 uM 8-bromo cGMP, 
luM sodium nitroprusside, or 14M. atrial natriuretic 
peptide (stimulants of soluble and particulate guanylate 
cyclase respectively) or 0-1 uM substance P (which releases 
endothelium derived relaxing factor from endocardium) 
significantly (p < 0-05, analysis of variance) reduced: the 
inotropic response (for example, V max decreased by 46%, 
59%, 78%, and 86% respectively) and the IP, response 
(by 128%, 161%, 142%, and 140% respectively). 

These results show that cGMP elevation inhibits both 
inotropic and IP, responses to cardiac a, adrenergic stimu- 
lation and are consistent with a role for PI hydrolysis in 
mediating «, positive inotropic effects. 


Platelet mediated alterations in cardiac cellular 
electrophysiology during normal perfusion and 
myocardial ischaemia 


N A Flores, D J Sheridan 
Academic Cardiology Unit, St Mary’s Hospital Medical 
School, London 


Recent clinical and experimental evidence indicates that 
platelet activation contributes to the arrhythmogenic 
effects of myocardial ischaemia. To investigate the mech- 
anisms responsible we studied the changes in cellular elec- 
trophysiology and arrhythmogenesis during infusion of 
platelets (10°/ml) in isolated, perfused guinea pig hearts 
during normal perfusion and global myocardial ischaemia. 
Hearts were studied in four groups: A (n = 9) buffer only; 
B (n = 9) buffer and platelets pretreated with 1 uM fors- 
kolin; C (n = 8) buffer and platelets pretreated with 10 uM 
forskolin; D (n = 3) as in group B but with frozen and 
thawed (activated) platelets. Infusion of platelets (groups 
B and C) had no effects during normal perfusion, but 
activated platelets (group D) decreased action potential 
duration (APD) from 164 (1) ms to 134 (4) ms at 15 minutes 
of normal perfusion (p < 0:05) and produced ventricular 
fibrillation in all three at 21 (1) minutes. During ischaemia 
platelets (group B) increased the incidence of ventricular 
fibrillation (100% v 56% group A, p « 0-05) but this was 


Proceedings of the British Cardiac Society 


prevented by 10 uM forskolin (group C 50% v 100% group 
B, p < 0:02). Platelets in group B enhanced the ischaemia 
induced reductions in APD (126 (2) ms v 139 (3) ms (group 
A), p € 0-01 at 5 minutes), but these were attenuated with 
platelets pretreated with 10 uM forskolin (group C 147 
(5) ms v 126 (2) ms group B, p < 0-01 at 5 minutes). Hearts 
in group C took longer to develop arrhythmias during 
ischaemia than those in group B (21 (2) min v 15 (1) min, 
p « 0-02) and recovered more rapidly during reperfusion. 

‘These studies show (a) that infusion of activated plate- 
lets produces deleterious electrophysiological and arrhyth- 
mogenic effects in normally perfused hearts and (6) that 
myocardial ischaemia causes platelet activation, which 
contributes to the electrophysiological and arrhythmo- 
genic effects observed. 


Fractionation of paced right ventricular 
electrograms in hypertrophic cardiomyopathy 


R C Saumarez, A Panagos, J T Stewart, I À Simpson, 
N Linker, W McKenna, A J Camm 
St George's Hospital Medical School, London 


Patients with hypertrophic cardiomyopathy who have 
developed clinical ventricular tachycardia (VT) or fibril- 
lation (VF) or who have died suddenly have no specific 
electrophysiological abnormality. We have developed a test 
to quantify the likely electrophysiological features of dis- 
array that may predict which patients with hypertrophic 
cardiomyopathy are at risk of VT or VF. Variation in fibre 
calibre may cause changes in local conduction velocities 
and refractory periods. Disarray may lead to multiple con- 
duction paths between two ventricular sites that may be 
blocked or recruited with different refractoriness of the 
intervening tissues. To reveal this effect the right ventricle 
is paced with two sequences at one site and high pass 
filtered electrograms are recorded from three other sites. 
The first sequence of 800 stimuli is a regular drive cycle 
with an interpolated extrastimulus every third beat with a 
coupling interval that decreases by 1 ms on each occasion, 
which generates a set of electrograms that correspond to 
particular interstimulus intervals. The second sequence of 
1600 stimuli has a random interstimulus interval to alter 
the refractory state of tissue between the pacing and 
recording electrodes. With one path between the electrodes 
no change in the electrogram configuration in regular and 
random pacing would be expected. With multiple paths the 
electrograms would be expected to fragment as the activa- 
tion of myocardium within the electrode receptive field 
changes. Each electrogram is correlated with a set of tem- 
plates and the number of templates required to fit all the 
complexes is determined. The variability of a record 
corresponds to the number of templates that are generated 
from it. The ratio of the number of the randomly paced 
templates to the number of regularly paced templates 
(Trand/Treg) measures the recruitment of paths between 
electrodes. Of 12 patients with hypertrophic cardio- 
myopathy, three had no recorded arrhythmias or family 
history of sudden death, five had such a history, and four 
had recorded VT or VF. Trand/Treg values were 1:6—3:6, 
2:0—6:5, and 2-7—5:8 respectively. The difference between 
the no arrhythmia, no family history of sudden death, and 
the pooled family history of sudden death and VT or VF 
groups was significant by a sign test at p < 0-01. 

These results suggest that this new method of electro- 
physiological quantification of disarray may help predict 
the risk of VT and VF in hypertrophic cardiomyopathy. 
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Assessment of ventricular volumes by single 
breath nitrogen washout test 


J W Dean, L Raposo, C M Lewis, S R Underwood, 
A Ferreira, P J Oldershaw 

Royal Brompton National Heart and Lung Hospital, 
London 


As yet there is no simple, accurate, non-invasive technique 
for measuring cardiac volumes that would be suitable. for 
routine screening of patients. We describe a new method 
whereby cardiogenic oscillations observed during the 
course of a single breath nitrogen washout test are analysed 
to provide an estimate of cardiac displacement volume. 
This test is a simple procedure for both patient and 
operator and-can be performed rapidly without resort to 
sophisticated equipment. Pulsatile changes in partial 
pressure of nitrogen are transformed to effect a ventricular 
volume-time curve and yield estimates of the systolic ejec- 
tion fraction (SEF), mean velocity of circumferential fibre 
shortening (MVCFS), end diastolic volume (EDV), end 
systolic volume (ESV), and other indices. A comparison 
with echocardiographic measurements of left ventricular 
dimensions in the same group of 20 normal subjects and 12 
patients. with ventricular disease showed significant linear 
correlations for SEF (r — 0-76, p « 0-001) and MVCFS 
(r= 0-61, p < 0-001). Echocardiographic values of left 
ventricular: volumes likewise indicated significant corre- 
lations in respect of EDV (r = 0-54, p < 0-01) and ESV 
(r = 0-72, p < 0-001). 

Thus, the single breath nitrogen washout test gives an 
accurate assessment of ventricular volume and could be a 
useful tool for repeated measurements to map patients’ 
progress in units where sophisticated equipment is not 
available. 


Does hyperinsulinaemia cause microvascular 
angina? 


C JH Jones, J D Dean, S J Hutchison, J R Peters, 

A H Henderson 

Departments of Cardiology and Medicine, University of 
Wales College of Medicine, Cardiff 


Coronary microvascular dysfunction may underlie syn- 
drome X—angina and supportive evidence of myocardial 
ischaemia but normal coronary arteriograms. Hyper- 
insulinaemia is implicated in the microvascular abnormal- 
ities of diabetes and hypertension. We therefore compared 
oral glucose (75 g) tolerance tests in 1l patients with pre- 
viously characterised syndrome X (none with overt 
diabetes or hypertension) and 11 age, sex, and body weight 
matched controls. Fasting glucose concentration was nor- 
mal in all subjects, but glucose tolerance was impaired (2 
hour glucose concentration > 7-8 mmol/l) in six patients 
with syndrome X compared with two controls (p < 0-05). 
Fasting insulin concentrations were similar, but peak and 
2 hour insulin concentrations and the area under the 
insulin-curve were higher in patients with syndrome X 
(median 116 (range 60-226) v 84 (34-110)mU/I1~x 10°, 
100 (35-187) v 50 (15-110) mU/I x 10°, and-10-4 (5-9-19-2) 
v 67 (23-1L3)minx mU/l x 10° respectively; all 
p < 0-01). Total and low density lipoprotein cholesterol 
concentrations and total triglyceride concentration were 
similar in the two groups, but high density lipoprotein 
cholesterol concentration was lower in patients with syn- 
drome X (mean 0:93 (SD 0:19) v 1:32 (0:30) mmol/l; 
p < 0-01). 
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These findings suggest that hyperinsulinaemia occurs in 
patients with syndrome X and may thus contribute to the 
pathogenesis of microvascular angina. 


Aging; autonomic function, and perception of 
angina 


' V Umachandran, K Ranjadayalan, G Ambepityia, 


B Marchant, P G Kopelman, A D Timmis 
Newham General and London Chest Hospitals, London 


Coronary artery disease is common in the elderly but little 
is known about the effects of aging on the perception of 
angina. We studied 90 non-diabetic men aged 35—82 years, 
all of whom had typical angina, to determine whether age 
related changes in blood pressure and autonomic function 
are associated with changes in anginal perceptual 
threshold—the time from onset of 0-1 mV ST depression to 
angina during treadmill exercise. The effects of aging on 
somatic pain threshold (measured by calf sphyg- 
momanometry) were also assessed in a subgroup of 35 
patients. Age showed the predicted correlations with blood 
pressure (r = 0:3, p « 0-001) and autonomic function as 
reflected by heart rate responses to Valsalva manoeuvres 
(r = —0-4, p < 0-001). Age also showed highly significant 
correlations with anginal perceptual threshold (r = 0:3, 
p < 0-005) and somatic pain threshold (r = 0-4, p « 0-02), 
older patients having longer latency between ST depres- 
sion and angina and tolerating higher cuff inflation pres- 
sures, Subgroup analysis confirmed that patients over 65 
had higher thresholds for angina (67 (80) v 14 (76)s, 
p < 0-005) and somatic pain (228 (66) v 156 (74) mm Hg, 
p < 0:02) than the younger group. Neither variable, how- 
ever, correlated significantly with blood pressure or auto- 
nomic function. 

In conclusion, this study has shown that the perception 
of angina diminishes with advancing age. Although the 
mechanism is unclear, it seems to reflect a generalised 
hyposensitivity to pain in the elderly and is not solely 
attributable to age related changes in blood pressure and 
autonomic function. 


Monophasic action potential and detection of 
myocardial ischaemia in humans: an appraisal 
using endocardíal recordings 


R M John, P I Taggart, P M I Sutton, D C Costa, 

P J Ell, R H Swanton 

Department of Cardiology, Middlesex Hospital and 
Institute of Nuclear Medicine, University College and 
Middlesex School of Medicine, London 


The monophasic action potential (MAP) recorded from 
the surface of the myocardium provides a sensitive measure 
of localised myocardial ischaemia. The duration of the 
MAP shortens in response to ischaemia and commonly 
registers changes before they appear in an ECG. Although 
the MAP has been used to document ischaemia on the 
epicardial surface in both animal and human studies, it has 
yet to be fully appraised in this context in human endo- 
cardial recordings. In a study designed to do so, we com- 
pared changes in steady state MAP duration in endocardial 
recordings between normal and ischaemic areas in patients 
undergoing routine coronary angiography. Single site 
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MAPs were obtained from the left or right ventricular 
endocardium, or both, in 26 patients (32 recording sites) 
during atrial pacing to angina threshold. Each pacing rate 
was maintained for two minutes to allow for steady state 
adaptation. At peak paced heart rate technetium-99m was 
administered intravenously for subsequent myocardial 
perfusion scintigraphic imaging and documentation of 
ischaemia. Eighteen MAP recordings were from areas of 
myocardium with a normal perfusion pattern and 14 from 
areas with abnormal perfusion characteristics. MAP 
duration at 90% repolarisation for every 100 ms change in 
cycle length shortened by a mean (SD) of 22:1 (4-8) ms in 
the non-ischaemic regions. The extent of shortening was 
significantly greater for ischaemic areas, being 33:8 
(9-7) ms (p < 0-01) and indicating the additional effect of 
ischaemia. As both shortened cycle length and ischaemia 
abbreviate the MAP duration, a range of values of MAP 
shortening in unit time was analysed for sensitivity and 
specificity for detection of ischaemia. A value in excess of 
26-5 ms per 100 ms change in cycle length provided the 
optimum compromise with 88% sensitivity and specificity. 

Our results provide validation for the use of endocardial 
MAP recordings for the detection of ischaemia. The tech- 
nique would be suited to the evaluation of interventions 
designed to alter ischaemic responses during catheter 
directed therapeutic procedures such as coronary angio- 


plasty. 


Prognosis after recovery from myocardial 
infarction: relative importance of cardiac 
dilatation and coronary stenoses 


R M Norris, H D White, D B Cross, P W Brandt, 
CJ Wild 
Green Lane Hospital, Auckland, New Zealand 


We showed previously that long term survival after 
infarction was best predicted by left ventricular end 
systolic volume measured after recovery. Surprisingly, the 
severity of coronary stenoses did not contribute indepen- 
dently to survival, and the present study was done to dis- 
cover whether a longer follow up would give further 
information. Male survivors (n — 616, age 50 (7) years) of 
a first (n — 455) or recurrent (n — 161) infarction had 
angiocardiography at 4-8 weeks after index infarction and 
were followed for 8-8 (2:9) years. Coronary surgery was 
performed in 34%, as a clinical trial in 14%. Angio- 
cardiographic and clinical factors were analysed by the pro- 
portional hazards model, taking cardiac death as the end 
point and considering (a) the whole period of observation, 
(b) the first five years after index infarction, and (c) the 
subsequent survival of the survivors at five years. There 
were 179 deaths, of which 79% were from cardiac causes; 
of the 141 cardiac deaths, 67% were sudden. End systolic 
volume remained the most powerful predictor of cardiac 
death over all time periods. Coronary stenoses (assessed by 
a scoring system) which were not predictive over 0—5 years 
became highly predictive after five years. Other indepen- 
dent adverse factors were continued cigarette smoking 
(19% smoked) and the withholding of fl blocking drugs 
(taken by 34%). Trial surgery, age, and first or recurrent 
infarction were not predictive. 

We conclude that coronary stenoses independently 
predict cardiac mortality but after a longer time course 
than ventricular dilatation. 
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Doppler assessment of effects on cardiac function 
of oral vasodilators started in early phase of acute 
myocardial infarction: randomised trial 


A Pipilis, M Flather, R Collins, M Conway, P Sleight 
Cardiac Department, John Radcliffe Hospital, Oxford 


Serial changes in stroke volume and cardiac output were 
assessed by Doppler echocardiography of blood flow in the 
ascending aorta in patients entered in a randomised double 
blind trial of an oral angiotensin converting enzyme 
inhibitor or of an oral nitrate in suspected acute myocardial 
infarction. Eighty one patients randomised at a mean of 13 
hours from the onset of pain to receive 28 days’ treatment 
of captopril (CAP) (12 5 mg three times a day after a 
6:25mg test dose; n=27), isosorbide mononitrate 
(ISMN) (20mg three times a day; n = 22), or placebo 
(n = 32) were studied. The baseline clinical characteristics 
and stroke distance of the three groups were simular. 
Changes in haemodynamic variables were assessed one 
hour after the first dose, at the time of discharge, and at six 
weeks—that is, two weeks after the end of trial treatment. 
At one hour the percentage changes (mean (SEM)) in sys- 
tolic blood pressure was — 11% (2) for CAP, —10% (2) for 
ISMN, and — 1% (1) for placebo (p < 0-001 for CAP and 
for ISMN v placebo). At discharge and at six weeks there 
were no differences in systolic blood pressure between the 
three groups. The percentage changes in stroke volume 
were: (a) at one hour +8% (2) for CAP, 4% (2) for ISMN, 
and +2% (1) for placebo (p < 0-05 for CAP v placebo); 
(b) at discharge +18% (4), +10% (3), and +7% (3) 
respectively (p « 0-05 for CAP v placebo); and (c) at six 
weeks +22% (4), +16% (7), and +11% (3) respectively 
(NS for all comparisons). The percentage changes in car- 
diac output were: (a) at one hour + 13% (3) for CAP, +2% 
(2) for ISMN and +2% (2) for placebo (p < 0-01 for CAP 
v ISMN and v placebo); (6) at discharge +23% (5), —1% 
(4), and —4% (4) respectively (p < 0:001 for CAP v ISMN 
and v placebo); and (c) at six weeks + 24% (7), 0% (6), and 
+7% (5) respectively (p < 0:05 for CAP v ISMN and v 
placebo?. 

In summary, these data suggest that both CAP and 
ISMN produce a moderate reduction in blood pressure 
soon after treatment in acute myocardial infarction but that 
these effects do not persist. Captopril shows a marked 
increase in cardiac output soon after starting treatment and 
this effect persists after discontinuation of treatment. 
ISMN produces less striking haemodynamic improvement 
but at least shows no sign of reduction in cardiac output 
when compared with placebo. It seems that both vaso- 
dilators can be started safely in the early phase of acute 
myocardial infarction. 


Early and late changes in diastolic filling pattern 
after myocardial infarction: importance of infarct 
size 


A Pipilis, T Meyer, M Flather, O Ormerod, P Sleight 
Cardiac Department, John Radcliffe Hospital, Oxford 


‘To characterise the early and late changes in left ventricu- 
lar filling dynamics associated with myocardial infarction 
we recorded the Doppler echocardiographic filing pat- 
terns in 45 patients (mean age 65 (SEM 1:5) years) at one 
and six weeks after the acute event. Based on clinical crite- 
ria, patients were divided into those with large (group L; 
n = 12) and those with small infarctions (group S; n = 33). 
The difference in infarct size was reflected by the peak 
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enzyme activity (AST) in the two groups (553 (59) v 212 
(22), p < 0-001). These patients were then compared with 
. 16 age matched normal controls (group C). The following 
filling variables were calculated from the mitral flow velo- 
city waveform: peak early (PE) and peak atrial (PA) velo- 
cities (cm/s), early (Ei) and atrial (Ai) velocity integrals 
(cm). The PE/PA and Ei/Ai ratios were calculated to 
express the balance between early and atrial filling. To 
correct for the variation ın heart rate, these ratios were 
divided by the diastolic filling period of the cardiac cycle 
(PE/PA,, Ei/Ai,). One week after myocardial infarction the 
PE velocities were higher in group L compared with 
groups S and C (75 (3), 67 (2), and 62 (4) cm/s respectively; 
p < 0-01 group L v group C, p < 0-05 group L v group S). 
However, there was no significant difference in Ei (9-2 (1), 
9-5 (1), and 8 9 (1) cm). Thus, in group L early filling 
occurred during a shorter early filling period. Although the 
‘PA velocities and Ai in group L were not different from 
those in group S, they were significantly lower compared 
with those in group C (PA: 59 (5), 69 (2), and 76 (4) cm/s; 
p < 0:05 group L v group C. Ai: 4 0 (0-7), 5:3 (0-2), and 6-4 
(0-4) cm; p « 0-01 group L v group C). Consequently, the 
PE/PA, PE/PA,, Ei/Ai, and Ei/Ai, ratios were higher in 
group L compared with groups S and C. At six weeks these 
ratios decreased in group L (PE/PA, by 25%, p < 001; 
Ei/Ai, by 2295, p < 0-05) so that the differences between 
the groups were smaller. 

These data suggest that, depending on the size of the 
infarct, patients with myocardial infarction exhibit a 
"restrictive" left ventricular filling pattern early after the 
acute event. This was manifested by the greater proportion 
of filling occurring in early diastole, reflecting an overall 
increase in chamber stiffness. Six weeks later the 
"restrictive" pattern is less pronounced, presumably due 
to the remodelling process after myocardial infarction. 


Combination treatment does not offer an 
advantage in managing chronic stable angina 


J Parameshwar, Jenny Keegan, K Phadke, 

Christine Wright, G Sutton, K Fox 

Royal Brompton National Heart and Lung Hospital and 
Hillingdon Hospital, London 


The combination of f blockers and calcium antagonists is 
widely used in the management of angina pectoris, though 
there is little evidence to support its efficacy. This double 
blind randomised crossover placebo controlled study com- 
pared the effects of nicardipine, atenolol, and their combi- 
nation in 30 patients with chronic stable angina and normal 
(52 (9-6)) left ventricular ejection fraction. Each treatment 
period lasted six weeks with dose titration after three 
weeks. Symptom limited treadmill exercise testing and 
radionuclide ventriculography at rest were carried out at 
the end of each treatment period. Total exercise duration 
was significantly prolonged by nicardipine and atenolol 
(616s and 592s respectively) when compared with placebo 
(529s). Time to lmm ST segment depression was 
significantly prolonged from 406s (placebo) to 472s 
(nicardipine) and 466s (atenolol). The combination of 
nicardipine and atenolol conferred no additional benefit 
(total exercise duration 610s and time to 1 mm ST segment 
depression 483s). Radionuclide ventriculography showed 
no significant change in left ventricular ejection fraction 
with any treatment. The peak filling rate and time to peak 
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filling rate showed no significant change, but there was a 
significant increase in the first third filling fraction with 
atenolol (0:59) and the combination (0:6) compared with 
placebo (0-4). There was also a significant increase in left 
ventricular end diastolic volume with atenolol (129 ml) 
compared with placebo (110 ml). 

Thus nicardipine and atenolol are effective in prolonging 
exercise duration in patients with chronic stable angina 
while the combination offers no additional benefit. Neither 
drug seems to have an important effect on the parameters 
of diastolic function studied. 


Extent of coronary atherosclerosis is different in 
unheralded acute myocardial infarction compared 
with uncomplicated chronic stable angina 


P Bogaty, S J Brecker, Sarah E White, H El- Tamimi, 
R N Stevenson, R Balcon, A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital and London Chest Hospital, London 


It is unclear whether coronary angiographic findings and 
risk factor profiles differ at initial presentation of acute 
versus chronic ischaemic heart disease. We studied 102 
consecutive patients (males age <60, females age <65) 
who either had acute myocardial infarction as first ever 
manifestation of ischaemic heart disease with a concomi- 
tant coronary angiogram (55 patients; mean age 50 2 years) 
or had had stable angina for at least two years with a posi- 
tive exercise test, no history of any acute event, no Q waves 
on electrocardiography or akinesis on ventriculography, 
and angiography performed z2 years from initial symp- 
toms (47 patients; mean age at symptom onset 51-7 years). 
Risk factors were analysed and observers, blinded to all 
clinical data, evaluated these angiograms for (a) severity 
(number of vessel diseased, stenoses 250%, occlusions); 
(6) extent (with an index derived by assigning a score of 0-3 
per segment depending on the proportion of lumen length 
irregularity and dividing the sum by the number of visual- 
ised segments); (c) pattern (discrete = <3 loci of disease 
never involving more than 50% of the length of any seg- 
ment or diffuse = anything exceeding this). Patients with 
unheralded myocardial infarction had less vessel disease 
than those with uncomplicated stable angina (mean 1 3 
(SD 0 8) v 2-1 (0-8), p < 0-001), fewer stenoses (2:1 (1 8) v 
3-9 (1-8), p < 0:001), fewer occlusions (0-6 (0-6) v 1-0 (0-9), 
p = 0 01), and a lower extent index (0:6 (0 5) v 1:2 (0:5), 
p < 0:001). A discrete pattern was present in 54-6% of 
those with unheralded infarction and in only 8:5% of those 
with uncomplicated angina (p « 0:001). Age at symptom 
onset, sex distribution, serum cholesterol concentration, 
present and past smoking habit combined, and positive 
family history were similar in the two groups. Hyper- 
tension was found twice as frequently ın angina (64 4% v 
30-995, p < 0-01), and a recent smoking history twice as 
often in infarction (60% v 31-196, p < 0 01). There were 
seven diabetic patients in the angina group, and one in the 
infarction group. 

Thus uncomplicated chronic stable angina 1s associated 
with appreciably more severe and extensive atherosclerosis 
and rarely a discrete pattern and a dissimilar risk factor 
profile compared with unheralded acute myocardial infarc- 
tion. Such important differences suggest that acute and 
chronic manifestations of tschaemic heart disease are 
unlikely to be random expressions of a single underlying 
pathological process. 
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Recurrent ischaemic events after thrombolytic 
treatment: predictive value of symptoms, stress 
testing, and coronary arteriography 


R Stevenson, V Umachandran, R Roberts, 5 W Davies, 
K Ranjadayalan, A D Timmis 
Newham General and London Chest Hospitals, London 


Recurrent ischaemic events are common after throm- 
bolytic treatment, and identification of patients at risk is 
important, although no diagnostic test has yet been vali- 
dated for this purpose. We studied 101 patients treated by 
thrombolysis who underwent predischarge stress testing 
and early coronary arteriography. During 10 (7) months of 
follow up 21 recurrent ischaemic events were documented: 
unstable angina (15), acute infarction (five), and cardiac 
death (one). Events occurred most commonly in patients 
with patency or high grade collateralisation of the infarct 
related artery (p « 0-02). However, none of the electro- 
cardiographic variables measured during stress testing 
predicted events, although patients with patent arteries 
exercised longer (516 (186) v 434 (198)s, p < 0-05). We 
therefore examined the angiographic data and performed a 
morphological analysis of the infarct related coronary 
lesion. Patients with angina tended to have a tighter resid- 
ual stenosis than those who remained free of symptoms 
(86% (15) v 78% (17), p < 0-05), but neither symptoms 
nor the severity of the stenosis predicted which patients 
were at risk of recurrent events. Indeed, none of 10 mor- 
phological features analysed was of any predictive value 
apart from arterial ectasia distal to the lesion (p « 0-01). 

In conclusion, after thrombolytic treatment neither 
treadmill stress testing nor continuing exertional angina 
are of value for predicting which patients are at risk of 
recurrent ischaemic events after discharge from hospital. 
Angiography is more helpful because patients with residual 
perfusion of the infarct territory are at greater risk. Never- 
theless, lesion morphology and the severity of the residual 
stenosis provide little additional guidance and should not 
affect decisions for revascularisation. 


Cardiac structure and function in growth 
hormone deficiency 


M Shahi, S Beshyah, D Hackett, P Sharp, D Johnston, 
R Foale 
St Mary's Hospital, London 


It has recently been shown that cardiovascular mortality is 
increased in patients with hypopituitarism who havé 
replacement therapy with thyioxine and adrenal steroids 
but hot growth hormone (GH). We investigated the effects 
of GH deficiency on cardiac structure and function in 21 
patients (nine men, 12 women; mean age 44 years, range 
24—64) with hypopituitarism (mean duration ll years, 
range 1-28) and no clinical evidence of cardiovascular 
disease, diabetes, or hypertension. Cardiac structure and 
function were assessed with cross sectional echocardio- 
graphy and Doppler ultrasonography, and treadmill exer- 
cise tolerance was assessed with the Bruce protocol. The 
degree of GH deficiency, assessed by serum concentrations 
of insulin like growth factor 1 (IGF-1), was 82 4 (45) g/l. 
Lean body mass calculated from total body potassium con- 
tent was 48 (8) kg. All patients had a normal left ventricular 
mass index (90 (19) g/m?) and a normal left ventricular 
ejection fraction (66% (7)). There was, however, a signifi- 
cant correlation between left ventricular mass and serum 
IGF-1 concentration (r = 0:51, p < 0-03). Left ventricular 
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mass and left ventricular diastolic function were related to 
lean body mass (r — 0-76 and 0-64, p « 0-003). Six patients 
had abnormal left ventricular diastolic function (E/A ratio 
1-04 (0-2). The mean exercise duration with the Bruce 
protocol was 9 0 (3-8) minutes and no patient had chest 
pain. A significant correlation was observed between the 
rate pressure product (maximum heart rate x systolic 
blood pressure on exercise) and serum IGF-1 concen- 
tration (r — 0-61, p « 0-003). Six patients developed planar 
ST segment depression > 0-1mV during exercise testing 
(maximum ST segment depression 0:17 (0-03) mV). In five 
of these patients there was rapid resolution of ST segment 
depression immediately after exercise. One patient devel- 
oped ST segment depression at four minutes with slow 
resolution; subsequent coronary angiography gave normal 
results. Exercise induced ST segment depression was not 
related to severity or duration of GH deficiency. 

These results suggest that left ventricular mass and the 
maximum cardiac work achieved on exercise are inversely 
related to the degree of GH deficiency. Patients with hypo- 
pituitarism may often have ischaemic like ST segment 
changes during exercise testing. Follow up studies of these 
patients during GH replacement therapy are in progress. 


Prediction of outcome in severe chronic heart 
failure 


J Parameshwar, Jane Sparrow, G Sutton, 
P A Poole-Wilson 
National Heart and Lung Hospital, London 


The néed to identify patients at higher risk and predict 
prognosis in severe heart failure has become increasingly 
mportant with the advent of cardiac transplantation. We 
undertook a retrospective study of 127 patients with 
chronic heart failure due to coronary artery disease or 
dilated cardioniyopathy referred to our exercise laboratory 
for assessment of functional capacity to identify variables 
predictive of outcome (death or transplantation). The 
mean follow up time was 14-6 moriths. The effect of the 
following variables on outcome were studied both by uni- 
variate and multivariate analysis: age, aetiology of heart 
failure, cardiothoracic ratio on chest radiography, left 
ventricular end systolic diameter on echocardiography, left 
ventricular ejection fraction (LVEF) on radionuclide ven- 
triculography, mean dose of diuretic, plasma sodium and 
urea concentrations, and the peak oxygen consumption on 
exercise (VO,). The group as a whole had severe heart 
failure with a miedian LVEF of 17% and a median Vo, of 
13-7 mi/kg/min. During the period of follow up 23 patients 
(18%) died and 18 (14%) underwent cardiac trans- 
plantation. Although all the variables studied apart from 
the aetiology of heart failure affected outcome on univariate 
analysis, multivariate analysis identified three variables 
that were independent predictors of outcome. In order of 
importance these were plasma sodium concentration, 
LVEF, and Vo,. The predictive power of these variables 
for outcome was assessed by multivariate linear discrimi- 
nant analysis. Seventy four per cent of the deaths or trans- 
plantations over the entire follow up period or one year 
could be predicted from the LVEF, plasma sodium con- 
centration, and Vo,. When patients undergoing trans- 
plantation were excluded, 67% of the deaths could be 
predicted by the above variables... -~ 

In patients with severe heart failure the three variables 
identified are independent predictors of outcome and are 
useful iri assessing the need for transplantation. 
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Characterisation.of left ventricular filling . . 
abnormalities in Hypertensive subjects 


S G Vijan, Gillian Manning, M W Millar-Craig 
Cardiothoracic Measurement Deparment Derbyshire 
Royal Infirmary, Derby 


Left ventricular filling and effect of left ventricular hyper- 
trophy were studied in 70 untreated hypertensive patients 
and 40 normal controls who underwent cross sectional 
echocardiography and pulsed mitrál Doppler studies. Peak 
early (E) and late (A) filling velocities, duration of early 
(TE) and late (TÀ).filling and total diastole (TD) were 
measured. Velocity-time integral of early (EI) and late (AI) 
filling, deceleration slope of early filling (Edec), E/A ratio, 
ratio of duration early and total diastole (TETD) and of 
late and total diastole (TATD) were calculated. Patients 
were classified into three groups: normal controls (group 
1), hypertensive patients without left ventricular hyper- 
trophy (n = 25) (group 2), hypertensive patients with left 
ventricular hypertrophy (n = 45) (group-3) by using echo- 
cardiographic left ventricular mass index. Left ventricular 
mass index (g/m?) in group 1 was 103-26 (5:8), 105-2 (4-29) 
in group 2, and 197-63 id 66) in group 3 (group. I v.group 
3, p « 0-001). 





Value Value 

Group 1 Group 2 (1v 2) Group 3 (2 v 3) 

E/A 1-45(0-4) — 110(03) «0-001 0-98 (0-3) «0-05 

Edec 490 (112) 375 (83) «0006 325 (159) « 0-01 

TATD 032(007) 2041(001) <0-001 035(007) «0-01 
A 5028 (133) 7025(131) «0:000] 7304(201) NS 
EI 154 (35) 13-9 (3 1). <0 02 15 0 (5-6) NS 
AI 7 2(16) 9-96 (23) <‘<0OQ1- 102(43) NS 
TETD 046(007) 052(006) «0001 055(0-08) NS 





Impaired left ventricular filling develops in hyper- 
tension and may precede the development of echocardio- 
graphic left ventricular hypertrophy. Edec and E/A ratio 
may be a sensitive index of impaired left ventricular filling 
in such patients. 


Long term effects on left ventricular function of 
treatment for childhood malignancy 


W E Rhoden, Meryl Jenny, D C Beton, N H Brooks 
Wythenshawe Hospital, Manchester 


Anthracyclines and thoracic irradiation used in the treat- 
ment of childhood malignancy are known to cause early 
alterations in left ventricular function. The late effects are 
poorly documented.. Ventricular 'systolic and diastolic 
function were assessed blindly with M mode and Doppler 
echocardiography in 44 symptom free patients (mean age 
14-7 years, range 8:6—23) and age and sex matched controls 
between 2 and 17 years (mean 6:2 years) after chemo- 
therapy for childhood malignancy. The patients received 
anthracyclines and thoracic irradiation (n = 10), anthra- 
cyclines alone (n = 20), or neither form of treatment 
(n = 14). Fractional shortening (FS) was significantly 
lower in the patients than in controls (control FS: mean 
38-24% (SD 3-46), patient FS: 35-83% (5-47); p = 0-015). 
There was no significant difference in mitral half time or 
time from mitral valve opening to aortic valve closure 
(p = 0:142 and p = 0-53 respectively). There was a trend 
towards the reduction in FS being associated with thoracic 
irradiation (p = 0:103) rather than anthracycline (mean 
doxorubicin dose 256 (146) mg/m? and mean daunorubicin 
dose 248 (105) mg/m? treatment (p — 0-191). 

This study suggests that treatment for childhood malig- 
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nancy leads to long term reduction in left ventricular 
systolic function and tbat this reduction is more closely 
associated: with thoracic irradiation than anthracycline 
administration. 


Thallium-201 perfusion defects in hypertrophic 
cardiomyopathy 


J Takata, T Chikamori, P J Counihan, J N Gane, 


.G J Hunter, W J McKenna 


Department of Cardiological Sciences, St George’s 
Hospital Medical School, London 


The use of thallium-201 perfusion scanning in hypertrophic 
cardiomyopathy i is uncertain. Myocardial ischaemia may 
be an important determinant of symptoms and prognosis. 
To determine the prevalence and clinical significance 
of thallium-201 myocardial perfusion defects in hyper- 
trophic:cardiomyopathy. single photon emission computed 
tomography, analysed with bullseye polar coordinate 
maps, was performed in 80 patients aged 14 to 74 years 
(mean 42). Maximal treadmill exercise testing and cross 
sectional echocardiography were performed to determine 
presence of ST segment change and extent and distribu- 
tion of left ventricular hypertrophy. Fifty three patients 
(66%) had regional perfusion defects; they were fixed in 28 
(35%) patients, reversible in 32 (40%), and a combination 
of both in seven (9%). Reverse redistribution, a perfusion 
defect that develops or increases on the delayed image, was 
present in 28 (35%) patients. Reversible and fixed defects 
were localised to segments of the hypertrophied myo- 
cardium (23/32, 15/28), whereas reverse redistribution was 
more common in myocardial segments without hyper- 
trophy (18/28; p « 0-01). There was no association of 
reversible or fixed defects to chest pain or ST depression 
(22mm) during exercise. Fixed defects were more com- 
mon in patients with non-sustained ventricular tachycardia 
(10/15 v 18/65; p < 0-005), in those with marked functional 
limitation (6/12 v 22/68; p « 0-05), and in those with a 
history of syncope (13/27 v 15/53; p = 0-08). These three 
factors together with a family history of hypertrophic car- 
diomyopathy and sudden death, young age at diagnosis, 


and progressive left ventricular dilatation with wall thin- 


ning were considered to be risk factors for a poor prognosis. 
Eight out of nine (89%) patients with large fixed defects 
and seven out of 19 (37%) with small fixed defects had two 
or more risk factors, whereas only 12 out of 52 (23%) 
without fixed defects had two or more risk factors 
(p < 0:001). 

These findings indicate that thallium-201 myocardial 
perfusion defects are common in hypertrophic cardio- 
myopathy and are associated with features of adverse prog- 
nosis but are not related to clinical markers of ischaemia. 
Prospective evaluation of their prognostic significance is 
warranted. 


Senning operation for complete transposition: 
experience at Guy's 


A P Kakadekar, A Hayes, I Huggon, E J Baker, 
S A Qureshi, M Tynan, P B Deverall 
Guy's Hospital, London 


Seventy consecutive infants with complete transposition 
of the great arteries underwent an atrial switch repair by 
Senning's technique between 1980 and 1990. Associated 
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defects included ventricular septal defects in 20, left ven- 
tricular outflow tract obstruction in 10, coarctation of the 
aorta in two, and the Wolff-Parkinson-White syndrome in 
one. The age at operation was 7:4 (3) months (range 17 
days-17 months) and weight was 6-7 (1-4) kg (3:8—9-8). 
There were two deaths in hospital (2:876). During an aver- 
age follow up of four years (45 days—9-6 years) none of these 
patients died and currently all but one has unimpaired 
exercise tolerance. T'wo patients had superior vena caval 
obstruction, which was successfully treated by balloon 
dilatation. Eight patients have arrhythmias—nodal rhythm 
in four, the sick sinus syndrome in three, and atrial flutter 
in one—but only three of these patients require anti- 
arrhythmic treatment. 

In our experience Senning's operation for complete 
transposition carries a low operative mortality and serious 
baffle complications requiring reoperation are rare. The 
functional state of the surviving patients during medium 
term follow up has been encouraging, with a low incidence 
of arrhythmias or right ventricular dysfunction. 


Adenosine: selective pulmonary vasodilatation in 
patients undergoing assessment for cardiac 
transplantation 


G A Haywood, J F Sneddon, S H Jennison, H Gray, 
T Treasure, W J KcKenna 
Cardiac Department, St George's Hospital, London 


Intravenous adenosine has been shown to decrease selec- 
tively pulmonary vascular resistance (PVR) in normal 
human subjects and in patients with primary pulmonary 
hypertension. This effect is of potential therapeutic value in 
the perioperative period in patients with elevated PVR 
undergoing orthotopic heart transplantation (OHT). In 
animal studies adenosine has been shown to be a renal vaso- 
constrictor. The effect of adenosine infusion on human renal 
blood flow has not been reported. Clearly, renal vaso- 
constriction might limit the therapeutic use of adenosine in 
patients undergoing OHT. This study assessed whether 
adenosine acted as a selective pulmonary vasodilator in 
seven patients undergoing assessment for OHT. A pul- 
monary artery thermodilution catheter was inserted and 
simultaneous measurements were made of systemic and 
pulmonary haemodynamic function and of renal blood flow 
by a continuous renal vein thermodilution technique pre- 
viously validated in vitro and in animal and human studies. 
Adenosine (0-05 mg/kg/minute) caused selective pulmonary 
vasodilatation measured by PVR to systemic vascular 
resistance ratio (15-0 (9) at baseline v 11 6 (6) with adenosine 
(p < 0-03)). There were no significant changes in other 
parameters measured. Respective values at baseline and 
with adenosine were: mean arterial blood pressure 86 (17) v 
88 (19) mm Hg, CI 2-02 (0-6) v 2:13 (0-7) l/min/m?, PVR 
279 (166) v 216 (124) dyn.s.cm ^, heart rate 86 (25) v 
85 (20) beats/minute, renal blood flow 197 (73) v 186 (63) 
ml/minute, and renal oxygen consumption 5:1 (2:5) v 4:6 
(2:2) ml/minute. No patients experienced any adverse 
symptoms or atrioventricular block during adenosine 
infusion. 

Previous reports have suggested that adenosine 0-03- 
0:05 mg/kg/minute is probably the optimal infusion rate for 
achieving selective pulmonary vasodilatation in humans. In 
this group of patients this dose resulted in an insignificant 
fall in renal blood flow and selective pulmonary vasodila- 
tation, but the fall in PVR was small and failed to reach 
significance. In view of the absence of a fall in mean arterial 
blood pressure or of any adverse effects a trial of adenosine 
at higher doses is indicated in this group of patients. 
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Monoclonal antiplatelet antibody 7E3 (IIb/IIIa 
receptor blocker) produces rapid reduction in 
platelet aggregation in humans 


S Bhattacharya, I Mackie, S Machin, R Senior, P Leese, 
T Schiable, R Jordan, H Berger, A Lahiri 

Northwick Park Hospital, Harrow, Middlesex Hospital, 
London, and Centocor, Pennsylvania, United States 


7E3 is a murine monoclonal antiplatelet antibody that 1s 
directed against platelet receptor IIb/IIIa. To determine 
the relation between the dose of 7E3 Fab and inhibition of 
platelet function a phase I study was performed. Seventy 
one patients with stable angina were given single doses of 
7E3 Fab from 01 to O-3mg/kg or a loading dose of 
0-25-0-3 mg/kg followed by a 0-15 mg/kg/min infusion of 
7E3 for 12-36 hours. Platelet function was measured as 
platelet aggregation (PA) to 20M ADP, bleeding time 
(BT), and free IIB/IIIa platelet receptors (FPR). Single 
doses of 0-1 to 0 3 mg/kg reduced the median PA from 89% 
to 11% of predose values, increased the median BT from 
5 minutes to 230 minutes, and reduced median FPR from 
50% to 18% of predose values. Continuous infusion 
caused rapid, sustained inhibition of platelet function for 
the entire infusion period, with median PA decreased to 
10% of predose. Return of BT from >40 to <12 minutes 
took 4-12 hours after single dose studies and 6—24 hours 
after infusion. No significant bleeding or allergic reactions 
were observed, although low titre human antimurine anti- 
body developed in 16 out of 65 (25%) patients. Therefore, 
7E3 Fab produced appreciable inhibition of platelet func- 
tion at single doses >0 25 mg/kg which can be sustained by 
continuous infusion. This agent may have a role in the 
management of acute ischaemic events. 


Risk stratification in unstable angina: who should 
be considered for early angiography? 


J J Murphy, P A Connell, J R Hampton 
Department of Medicine, Queen’s Medical Centre, 
Nottingham 


Chest pain suggestive of acute myocardial infarction 
remains the most common reason for admission to coronary 
care units. If myocardial infarction is subsequently 
excluded, when should such pain be diagnosed as “unstable 
angina” and who should be considered for early angio- 
graphy? In a prospective study of all patients admitted to a 
coronary care unit during one six month period there were 
530 cases of chest pain. In 304 acute myocardial infarction 
was subsequently confirmed, 32 had secondary angina (to an 
arrhythmia for example), and in a further 14 a specific non- 
cardiac cause was identified. The remaining 170 patients 
(180 admissions) were followed up for three years for the 
development of cardiac events (cardiac death or non-fatal 
infarction). These events occurred at a constant rate for 
eight weeks after admission (“early events”), after which the 
event rate slowed. Patients whose electrocardiogram (ECG) 
remained normal during their index admission had a benign 
prognosis whether there was a history of preceding effort 
angina /n = 35) or not (n = 29). In this group there were no 
early events and only a 3% cardiac event rate at three years. 
An abnormal admission ECG, whether the result of pre- 
vious infarction (n — 39) or with reversible changes 
(n — 67), was associated with a much worse short and long 
term prognosis (12% events at two months, 32% at three 
years). After a review of published reports factors reported 
to be associated with a worse prognosis were studied in an 
attempt to predict this “‘at risk” group. The recurrence of 
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pain in hospital, or a cardiac enzyme activity raised to less 
than twice the upper limit of normal, identified 49 patients 
in whom 11 of the 13 early events occurred (sensitivity 85%, 
specificity 59%, positive predictive accuracy 22%). No 
other prognostic factors, either alone or in combination, 
gave a similar combination of sensitivity and specificity. 

For patients presenting with chest pain in whom a myo- 
cardial infarct is subsequently excluded simple, non- 
invasive risk stratification permits the identification of 
patients with fundamentally different short and long term 
prognoses. Recurrent pain or a minor increase in enzyme 
activity identifies the group most likely to benefit from early 
revascularisation. These simple criteria would allow physi- 
cians in district hospitals to make appropriate use of regional 
cardiothoracic centres. 


Implications of thrombolysis for risk stratification 
in patients after infarction 


T G Farrell, Y Bashir, M Malik, D E Ward, A J Camm 
St George's Hospital, London 


Though the use of thrombolytic agents in acute myocardial 
infarction (AMI) is associated with an appreciable reduc- 
tion in mortality, little is known about the effects on life 
threatening arrhythmic events (sudden death or sustained 
ventricular tachycardia) and risk stratification. As part of a 
prospective study at this hospital the effects of thrombo- 
lysis on arrhythmic events and risk stratification were 
investigated. Among 427 serial patients admitted with 
AMI eligible for thrombolytic treatment, 203 received 
thrombolysis (group T) and 224 did not (group N). The 
actuarial probability of life threatening arrhythmic events 
at two years was appreciably reduced in group T (4.5%) v 
group N (10:695) (p = 0-001). Despite treatment with 
thrombolysis the incidences of arrhythmic markers such as 
late potentials, ventricular ectopic frequency (> 10/h), 
impaired ventricular function (« 4095), depressed heart 
rate variability, and a positive exercise test were similar in 
both groups. In group N the actuarial probability of 
arrhythmic events was increased in patients with frequent 
ventricular ectopic activity (24% v 7%, p = 0 008), 
positive late potentials (29% v 695, p = 0-001), impaired 
heart rate variability (26% v 1%, p = 0-001), and poor left 
ventricular function (19% u 7%, p = 0-02), but in group T 
only impaired heart rate variability was associated with an 
increased probability of arrhythmic events (13% v 195, 
p = 0-005). 

Thrombolysis reduced the incidence of late arrhythmic 
events following MI but established methods of risk 
stratification, particularly those based on long term electro- 
cardiographic recordings and the signal averaged electro- 
cardiogram, may not be applicable in patients given 
thrombolysis. 


Prognostic value of ambulatory ST segment 
monitoring after acute myocardial infarction 


P Currie, Deborah Ashby, S Saltissi 
Royal Liverpool Hospital, Liverpool 


We have assessed the prognostic value of ambulatory ST 
segment monitoring (early (6 days, n — 201) and late 
(38 days, n = 177)) in 203 patients with acute myocardial 
infarction when compared with clinical factors, coronary 
prognostic indices, exercise testing (n — 174), and radio- 
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nuclide ventriculography (n = 134). The 29 patients 
(14%) with ST depression (STD) on early monitoring had 
more (p < 0-001) cardiac events (death, reinfarction, or 
coronary revascularisation) (13/29 (45%) ) than those with- 
out STD (30/172 (17%) ) and events were most common in 
those patients with three or more STD episodes a day 
(11/17 (65%) v 2/12 (17%), p < 0-03) or a maximum of at 
least 1:3 mm STD (10/15 (67%) v 3/14 (21%), p < 0 05). 
However, patients (56/177 (32%) ) who developed STD on 
late monitoring experienced an increase 1n cardiac events 
only when they had three or more STD episodes a day 
(10/31 (32%) v 18/146 (12%), p « 0-01), at least 20 
minutes of STD a day (8/25 (32%) v 20/152 (13%), 
p < 0-05), or a maximum STD of 1-6 mm or greater (8/25 
(32%) v 30/152 (13%), p < 0:05). Furthermore, ambu- 
latory monitoring had superior predictive value to clinical 
factors, coronary prognostic indices, and left ventricu- 
lography but similar prognostic value to exercise testing. 

Thus, any STD on ambulatory monitoring early after 
myocardial infarction identifies patients who are at 
increased risk whereas STD later carries prognostic value 
only when it is prolonged, pronounced, or frequent. 
Ambulatory monitoring may be a useful alternative to 
exercise testing for identifying patients after myocardial 
infarction who might benefit from early coronary angio- 
graphy. 


Prognostic significance of heart rate variability in 
myocardial infarction 


A Pipilis, M Flather, O Ormerod, P Sleight 
Cardiac Department, John Radcliffe Hospital, Oxford 


Heart rate variability in the early phase of myocardial 
infarction reflects cardiac autonomic balance and may 
carry prognostic significance. We studied heart rate vari- 
ability in 34 patients with anterior and 36 patients with 
inferior myocardial infarction by Holter tape recording 
during the first day of hospital admission. By excluding the 
RR intervals with lengths outside 20% of the previous 
cycle to avoid ectopics and sensing artefacts, the following 
calculations were made in order to express heart rate vari- 
ability: (a) mean RR interval; (5) standard deviation of the 
mean RR interval (SD); (c) standard deviation of the mean 
difference of each RR interval from the preceding one 
(SDdif). These parameters were calculated for all patients 
during a four hour night time period (0100-0500). The 
presence of heart failure and the use of f blockers was 
similar in the two groups at the time of the recording. 
Patients with anterior infarction. when compared with 
those with inferior infarction showed a shorter mean RR 
interval (743 (SEM) (22) v 849 (20)ms; p = 0001), a 
smaller SD (39-6 (3:1) v 66:2 (4 6) ms; p « 0:001), and a 
smaller SDdif (19-8 (1-4) v 33-4 (3 4) ms, p = 0:001). Dur- 
ing the hospital stay subsequent heart failure or death 
occurred more frequently in those patients with low heart 
rate variability (SD below the median value of 50 ms) (4494 
v 89$; p < 0-01) independently of infarct site. Low SD had 
83% sensitivity and 63% specificity whereas low SDdif 
(below 23 ms) had 61% sensitivity and 52% specificity in 
predicting a worse clinical outcome. 

These data show that there is a difference in heart rate 
variability between anterior and inferior myocardial 
infarction which may reflect the differences in autonomic 
balance during the early phase of infarction; low variability 
independently of infarct site 1s associated with a compli- 
cated course. 
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Evaluation o£ patient benefit and resource use 
after early treatment.of myocardial infarction | 
with heparin and recombinant tissue type 
plasminogen activator (Actilyse): study of heparin 
and Actilyse processed electronically (SHAPE). 


D L H Patterson, R J Bailey, M Murray, S Gallivan, 
P Jones, B O'Brien, M Buxton for the SHAPE study 
Cardiac Department, Whittington Hospital, London 


A total of 758 patients with suspected acute myocardial 
infarction admitted to 32 general hospitals were considered 
for inclusion in a double blind study comparing 
recombinant tissue-type plasminogen activator (rt-PA) 
100 mg plus heparin with placebo plus heparin. The usual 
standard treatment for each hospital.was continued nor- 
mally. The original intent was to recruit some 3000 
patients but the trial had to be halted prematurely on 
ethical grounds. The patient data were collected by using 
records on a personal computer linked by modem to a 
central site. In all, 164 patients were excluded from the 
main analysis. Of the 594 patients who satisfied the entry 
criteria by a 3:1 allocation ratio, 435 were randomly allo- 
cated to rt-Pa and 159 to placebo. The primary assessment 
of patient benefit was measured with the New York Heart 
Association functional classification. The benefit was 
measured over the 12 months from treatment and com- 
pared with the assessment ‘before admission. There was no 
statistical difference found between the two.groups. Other 
indices of patient benefit were: also examined and no 
difference was found. Twelve per cent of patients given 
rt-PA had:a bleeding complication compared with 3% 
given placebo. The incidence of stroke was very low in both 
groups. There was little difference in the use of resources 
either in the initial length -of hospital stay or in the sub- 
sequent need for readmission, angiography angioplasty, or 
bypass surgery. There was no difference in the proportion 
of patients who returned to work between the placebo or 
the treatment group. Death was not a primary end point. 
There was some survival benefit for the rt-PA group, 
although it did not reach significance. 


Relations between heart rate, ischaemia, and drug 
treatment during daily life in patients with 
coronary artery disease 


J M McLenachan, F F Weidinger, Joan Barry, 

A P Selwyn 

Cardiovascular Division, Brigham and Women’s 
Hospital, Boston, Massachusetts, United States, and 
Western Infirmary, Glasgow 


Previous studies have shown that little if any increase in 
heart rate occurs one minute before.the onset of ischaemia 
in ambulant patients with coronary artery -disease (CAD). 
This study has tested the hypothesis that there are charac- 
teristic relations between heart rate and ischaemia in 
ambulant patients with CAD. Twenty one -patients with 
proved coronary disease had 212 episodes of ischaemia 
during 504 hours of continuous electrocardiographic 
monitoring. An important increase in heart rate (74 (11) to 
-95 (14) beats/minute, p < 0-001) occurred between five and 
30 minutes before the onset of ischaemia. A significantly 
higher heart rate at onset of ischaemia was seen during 
Bruce protocol exercise testing than during daily life (117 
(12) v 90 (15) beats/minute, p < 0-01). However, when a 
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less strenuous. but more prolonged exercise protocol was 
used in a subgroup of patients (n = 12) ischaemia occurred 
at a heart rate that was significantly lower than during the 
Bruce protocol (88 (14) v 103 (15) beats/minute, p < 0-05) 
and was not significantly different from the threshold heart 
rate at onset of ischaemia during daily life (88 (14) v 84 (12) 
beats/minute, NS). As part of two placebo controlled trials, 
treatment with both propranolol and glyceryl trinitrate 
altered the distribution of ischaemic events by heart rate, 
but in opposite directions. Though propranolol largely 
eliminated events occurring at high (> 100 beats/minute 
and moderate (80-100 beats/minute) heart rates, the num- 
ber of events at low («80 beats/minute) heart rates was 
increased. In contrast, glyceryl trinitrate reduced episodes 
at low and moderate heart rates only. 

Important increases in heart rate occur before the onset 
of ischaemia during daily life but this increase occurs much 
earlier than has been reported. Duration of heart rate 
increase seems to influence the heart rate threshold for 
ischaemia, and this. may contribute to the occurrence of 
ischaemia at lower heart rates during daily life than during 
exercise testing. Finally, different classes of drugs have 
characteristic effects on ischaemia occurring at different 
heart rates: 


Inhibition and summation in human heart by long 
duration subthreshold conditioning pulses 


D T Connelly, A D Cunningham, M Spicer, 

K G Boone, E Rowland 

Royal Brompton National Heart and Lung Hospital, 
London 


Inhibition (prolongation of refractoriness) and summation 
(shortening of refractoriness) have previously been re- 
ported to a limited extent in human myocardium by using 
bipolar conditioning stimuli of conventional (2 ms) pulse 
width. In 32 patients undergoing clinical electrophysio- 
logical studies we studied the effect of long duration, con- 
stant current subthreshold pulses on atrial (n= 22) and 
ventricular (n — 10) refractory periods. Continuous atrial 
or ventricular pacing (SIS1 = 500-600 ms) was performed 
throughout to minimise: variability in refractoriness. 
Effective refractory period (ERP) was determined with a 
2 ms pulse at an amplitude of twice the late diastolic thresh- 
old (LDT). A long duration conditioning pulse (Sc; 
duration = S182) was introduced. Initial Sc amplitude 
was 10% of LDT; amplitude-and duration of Sc were 
varied stepwise and the effect on Sc observed. Inhibition 
was observed in all patients, the atrial ERP being pro- 
longed by a mean of 98% from 238 (SD43) ms to 470 
(100) ms with an Sc of mean amplitude 55% of LDT. In 10 
patients reversal of the polarity of Sc resulted in shortening 
of the ERP (summation) by: a mean of 27%, from 208 


. (24) ms to 151 (22) ms. Similar results were produced by 


ventricular stimulation (ERP was prolonged in all patients, 
from 239 (36)ms to 475 (88) ms, and shortened in five 
patients, from 259 (25) ms to 200 (12) ms). With unipolar 
stimulation cathodal current always produced inhibition; 
summation, when it occurred, was produced by anodal 
current. 

Inhibition and summation may be produced in the same 
heart by reversal of stimulus. polarity. Long duration cur- 
rent pulses can produce much greater degrees of inhibition 
and summation than conventional pulses. 
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Double blind comparison.of DDI, DDI with rate 
hysteresis, VVI, and VVI with rate hysteresis in- 
control of symptoms in carotid sinus syndrome 


R Ahmed, Sema Guneri, Ann Ingram, Siew Lu Chan, 
C M Travill, R Sutton 
Westminster Hospital, London 


DVI pacing has been shown to be superior to VVI pacing 
in controlling symptoms in the carotid sinus syndrome 
(CSS). DDI pacing with rate-hysteresis (H) provides the 
opportunity of physiological pacing at ‘high rate during 
attacks without the disadvantage of undue pacing every 
time the rate goes below the programmed rate as in pacing 
without H. This study was designed to perform a double 
blind comparison of the efficacy of DDI with H(DDI-H, 
programmed rate 80, H rate 40), DDI at 60 ppm, VVI with 
H (VVI-H, programmed rate 80, H rate 40) and VVI 60 
ppm. Seventeen patients who had had pacemakers 
implanted 28-9 (27) months before for:the. carotid sinus 
syndrome syncope and pre-syncope were considered for 
the study. Preinclusion evaluation comprised carotid sinus 
massage (CSM), supine blood pressure and blood pressure 
. five minutes after 80° tilt, retrograde atrioventricular con- 
duction with and without carotid sinus massage, and DDI 
pacing during carotid sinus massage to identify patients 
with vasodepressor component. Two patients were 
excluded because of negative carotid sinus massage and one 
patient for marked sinus bradycardia. Fourteen patients, 
mean age 72-7 (8:8) years (two women), were included in 
the study and were randomised in a-double blind fashion to 
one of the pacing modes for a period of six weeks each. 
During these periods they kept a record of episodes of mild 


dizziness, presyncope, syncope, palpitations, and shortness. 


of breath in a diary. Thirteen patients completed the study; 
one patient withdrew because of hypertensive stroke. T'otal 
number of symptomatic episodes were: (a) DDI-H mode 
mild dizziness 70, presyncope 9, syncope 0, palpitations 16, 
shortness of breath 38; (6) DDI mode mild dizziness 46, 
presyncope 22, syncope l, palpitations 36, shortness of 
breath 65; (c) VVI-H mode.mild dizziness 62, presyncope 
36, syncope 3, palpitations 76, shortness of breath 86; and 
(d) VVI mode mild dizziness 78, presyncope 20, syncope 0, 
palpitations 84, shortness of breath 61. One patient could 
not tolerate VVI pacing and had to have the next mode 
within two days and another patent developed atrial 
fibrillation in the final pacing mode (VVI-H). Overall the 
least symptomatic mode of pacing was DDI-H (p « 0:001). 

It is concluded that DDI-H is the best mode of pacing 
for symptomatic carotid sinus syndrome and is now our 
pacing mode of choice. 


*Subclinical" pacemaker syndrome: randomised 
study of “symptomless” patients with VVI 
pacemakers upgraded to dual chamber devices 


N Sulke, A Dritsas, J Bostock, A Wells, E-Sowton 
Guy's Hospital, London 


Sixteen patients aged 41—84 (69% men) who had had long 
term pacing for more than three years in. VVI mode and 
had no evidence of the pacemaker syndrome had their 
pacemakers upgraded to DDD devices during routine gen- 
erator change. Assessment was before (VVI pre) and after 
upgrade in three pacing modes (VVI post, DDI, and 
DDD) in a randomised double blind crossover design. 
Patients with chronic atrial fibrillation or the pacemaker 
syndrome were excluded. Subjective, clinical, objective 
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(stress tests), radiographic (chest x ray film), and echo- 
cardiographic (M mode, cross sectional, colour flow, and 
continuous wave Doppler echocardiography) assessments 
were undertaken after four weeks of out of hospital activity 
in each mode. Perceived general wellbeing and exercise 
tolerance was better in DDD mode than in VVI pre or post 
or in DDI (p « 0-01). Symptoms were less in DDD mode 
(p < 0 05). After study completion 75% preferred DDD 
and 12% DDI and the remainder had no preference. 
Seventy two per cent found VVI post least acceptable 
whereas none found DDD least acceptable. Treadmill 
exercise tolerance was greatest in DDD mode (p < 0-001) 
but did not differ in the remaining modes. Chamber 
dimensions (echocardiography) and cardiothoracic ratio 
(chest x ray film) did not differ in any mode. Improved 
cardiac output was seen at rest in DDD mode (p = 0-03) 
compared with VVI pre and post modes but not DDI 
mode. Mitral and tricuspid regurgitation was least in DDD 
mode but did not correlate with symptoms. 

‘Thus patients who are receiving optimal-pacing in VVI 
mode benefit subjectively and objectively from upgrade to 
DDD mode whereas DDI has.-little effect. This suggests 
the existence of a ‘subclinical’? pacemaker syndrome that 
becomes apparent only when physiological pacing is 
introduced. 


Physician implanted defibrillator: first clinical 
experience of a new transvenous device 


V E.Paul, M Anderson, Y Bashir, Suzanne Jones, 
D.E Ward, A J Camm 
St George's Hospital Medical School, London 


A pacemaker/cardioverter/defibrillator was implanted 
without a thoracotomy in three male patients with a history 
of drug resistant ventricular tachycardia and sudden 
cardiac death. This new device utilises two pace/sense/ 
defibrillate electrodes positioned via the subclavian vein in 
the right atrial appendage and in the right ventricular apex. 
A. monophasic bidirectional shock is delivered between 
these and a subcutaneous axillary patch. The generator is 
situated in an abdominal pocket. Implantation took 
between 2:5 and 4 hours and was performed under general 
anaesthesia. x Ray screening was required for between 5 
and 35 minutes. During intraoperative testing there was a 
loss of sensing and pacing postshock in two patients. This 
was corrected by repositioning the right ventricular elec- 
trode (total five minutes). A good defibrillation threshold 
was achieved in all patients (10 J, 10 J, 20 J) and was main- 
tained at the one month follow up. The implant procedure 
was uncomplicated and patients were fit for discharge two 
days after operation. In one patient a lead complication 
required repositioning after one week. 

The implantation of a:transvenous defibrillator is a safe 
and effective alternative to the standard thoracotomy 
approach. 


Prophylactic use of implantable cardioverter 
defibrillator after myocardial infarction: 
predicting cost in high and low risk patients 


M H Anderson, M Buxton, V Paul, T Farrell, 

J Poloniecki, A J Camm 

St George’s Hospital Medical School and Brunel 
University, London 


Interest is growing in the prophylactic use of the 
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implantable cardioverter defibrillator (ICD) in patients at 
high risk of sudden death. We costed ICD use in myo- 
cardial infarction survivors by using data from our post- 
myocardial infarction database of 525 patients. All cause 
cumulative mortality after one year (Y1) was 8-4%, after 
two years (Y2) 11:596, and after three years (Y3) 137%. 
Sudden death mortality was 3:8% (Y1), 4.5% (Y2), and 
4-596 (Y3). Patients at higher risk could be identified. In 
the group with left ventricular ejection fraction <40% 
(EF < 40) (n = 201) mortality from sudden death was 
7:5% (Y 1), 7:5% (Y2), and 7:5% (Y3) while a combination 
of reduced heart rate variability, ^ 10 ventricular ectopics 
per hour, and positive late potentials (n — 25) identified 
a group (HRG) with sudden death mortalities of 
22-894 (Y1), 29-995 (Y2), and 29-994 (Y3). We costed the 
use of the ICD in all patients and in groups EF « 40 and 
HRG over a three year period assuming an ICD life 
of three years, 100% prevention of sudden death, no 
antiarrhythmic drug treatment, and transthoracic 
implantation. Costs are ICD and patches (£10700), 
surgery (£3000), extra seven days as an inpatient (£1400), 
outpatient follow up over three years (£1400). Total 
implant and follow up cost was £16500. Screening costs 
were £50 (EF < 40 group) and £130 (HRG group) per 
patient screened. Implantation in all patients saved 2-73 
life years per 100 implants (LY%) at a cost per life year of 
£604 000. In the EF < 40 group the ICD saved 10-7 LY ^ 
at a cost of £155500 per life year. In the HRG group (in 
which 33% of all sudden death occurs) the ICD saved 58-3 
LY% at a much reduced cost of £33 000 per life year but 
was still expensive when compared with other accepted 
invasive treatment. 

Pending a reduction in this cost by improved selection of 
patients at high risk of sudden death, there is no general 
indication to implant an ICD in high risk patients after 
myocardial infarction but a limited trial to clarify the true 
costs may be justified. 


Anatomical problems associated with 
implantation of cardioverter defibriliator 


G Kaye, W Baig, A Murday, P Kay, C Cowan, 

E J Perrins 

Department of Cardiology, Leeds General Infirmary, 
Leeds 


A Guardian cardioverter defibrillator (ICD) was 
implanted in nine patients, all men (mean age 60 (6) years, 
range 50-69), over a 15 month period. Three patients 
(33%) suffered out of hospital ventricular fibrillation, one 
(11%) had exercise induced ventricular fibrillation and 
two (22%) exercise induced ventricular tachycardia, and 
three had haemodynamically unstable ventricular tachy- 
cardia. During the first implantation severe postoperative 
bleeding occurred with suturing of the epicardial patches, 
and all subsequent patches were stitched to the parietal 
pericardium. In one patient the generator eroded through 
the rectus sheath, was repositioned within the thorax, 
where it also eroded, and was subsequently explanted. In 
a further case the generator was electively implanted in the 
thorax because of restricted space in the rectus sheath and 
for the same reason in another patient the generator was 
sutured anteriorly to the sheath. During a mean follow up 
of 11 months (3-17) there were seven inappropriate shocks, 
three during atrial flutter (one patient) and four due to lead 
fracture (two patients). There were no deaths. 
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In this series a common problem was related to the size 
of the ICD generator precluding its implantion in the rec- 


tus sheath. This was overcome by repositioning in other E 


body cavities. The use of an ICD is associated with treat- 
able morbidity but there were no deaths in this follow up 
period. 


Physiological properties of human hypertrophic 
myocardium and impaired contractility 


L N Forbat, C H Fry 
St Thomas's Hospital, London 


Hypertrophy may be associated with changes in inotropy,  ' 
intracellular pH (pH,), and sodium concentration ( [Na * ])). 
Strips of human left ventricle removed at valve replace- 
ment were perfused with Tyrode’s solution (pH 7-35 in 5% 
carbon dioxide and 95% oxygen at 37 °C) and stimulated at 
1 Hz and isometric twitch (T) and mechanical restitution 
curves (MRC) analysed. pH, and [Na ' ], were measured by 
using ion selective electrodes in quiescent preparations. 
Tension was reduced in pressure overloaded myocardium 
(0-72 kN/kg (n = 20) v controls, 1-72 (n = 15); p « 0:05) 
and negatively correlated with cell diameter (R = — 0:66, 
p = 0:02 (n = 11)). MRC time constants (ti, t3) correlated 
with cell diameter (t; R = 0-62, t3 R = 0-81 (n= 11). 
Mean pHi was 7-27 (SD 0-19) (n = 7) mean pH. 7-42) and 
[Na*], was 13:31 (SD 4:13) umol^! (n = 6). [Na*]; cor- 
related with cell diameter (R = 0-98, p = 0-02). Reducing 
extracellular pH (pH.), by raising carbon dioxide content, 
led to the largest fall in tension (% control T/unit pH.) in 
volume overloaded myocardium (108% (n = 15) v con- 
trols, 73% (n = 9) p = 0-05). In pressure overloaded myo- 
cardium T/pH. was inversely related to hypertrophy on 
electrocardiographic voltage criteria (R = 0:52, p = 0-03 
(n — 18)). In resting muscle pH, correlated with pH. and 
buffering capacity "pHi/pH." correlated with T/pH. 
slopes of contracting muscle. 

It is proposed that altered homoeostasis of pH; and 
[Na*] in hypertrophy could explain abnormalities of 
contractility. 


Platelet and white cell accumulation in early 
infarction 


Ann C Tweddel, W Martin, Cherry Wainwright, 

J Parratt, I Hutton, S M Cobbe 

Department of Medical Cardiology, Royal Infirmary, 
Glasgow, and Department of Physiology and 
Pharmacology, University of Strathclyde, Glasgow 


Both white cells and platelets have been implicated as con- 
tributing to myocardial damage after infarction. In nine 
pigs (20—39 kg) the left anterior descending coronary artery 
(LAD) was occluded and the area of myocardium at risk 
determined by intravenous thallium-201, given five 
minutes after the occlusion. Autologous white cells were 
labelled with technetium-99m and platelets with 
indium-111 and reinjected before occlusion. The animals 
died or were sacrificed at a mean time of 85 minutes 
(12-120 minutes) and the hearts were extracted, opened, 
and laid flat on a y camera and imaged to determine the area 
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at risk and the relative distribution of labelled platelets and 
white cells. Paired blocks of myocardium were taken from 
the centre of the infarct area, just below the LAD tie 
(ischaemic area), and two normal areas and each block was 
subdivided into three for y counting. Indium labelled 
platelets seemed to be evenly distributed throughout the 
myocardium, with similar distribution in the infarct and 
ischaemic and normal myocardium (corrected for flow 
ratios 0-7, 0-9, and 1:0). Technetium labelled white cells 
were increased within infarcted (227% (43-2)) and 
ischaemic myocardium (200:92% (35-5)) compared with 
normal (100-4% (25-7)) myocardium, which when cor- 
rected for flow resulted in a substantial increased accumu- 
lation of white cells in the infarct (ratio 17-0 (3-24)) and 
ischaemic myocardium (4-0 (1-06)) compared with normal 
myocardium (1-0 (0-20)). 

These results provide evidence of early white cell 
accumulation in infarcted and ischaemic myocardium. 


Glucose tolerance test and insulin concentrations 
in British Asian and white patients and in Asian 
patients in India with coronary artery disease 


J Dhawan, CL pray D H Bennett, R DINE 
B Faragher 
Wythenshawe Hospital, Manchester 


Blood glucose and insulin concentrations were measured 0, 
1, and 2 hours after a 75 g oral glucose challenge in a con- 
secutive series of 56 British Asian (BA) and 65 randomly 
selected white patients (WP). These were compared with 
47 BA and 57 white controls (W C) randomly sampled from 
the community. A consecutive series of 28 patients in India 
were compared with 28 randomly selected controls, mea- 
surements for these subjects being at 0 and 2 hours. All 
patients had angiographically confirmed coronary artery 
disease. Most BA subjects had migrated from the north 
west of the Indian subcontinent, and subjects resident in 
India were from the same geographical area. T'hese groups 
have not been previously compared. Significance was set at 
a conventional 5% level. Impaired glucose tolerance and 
overt diabetes were significantly more common in BA and 
Asians in India (AD than in white subjects—that is, 40-7956, 
46-497, and 18% respectively. This was more common in 
patients than in controls—namely, 24-6% v 10:5% in white 
subjects, 42:8% v 38:295 in BA, and 57:1% v 357% in AI. 
Serum glucose concentration at 0 hours was borderline 
significantly higher for WP than controls but was very 
significantly higher in BA and AI patients than controls— 
5-0 v 4:6, 5-6 v 5 0, and 5:5 v 5-1 respectively. At one hour 
BA patients had significantly higher values than’ controls 
(10-0 v 8:5) unlike white patients (7:5 v 7-6). At 2 hours 
values were only borderline significantly higher in WP 
than WC (5:8 v 5:1) but very significantly higher in BA 
(7-3 v 6-1) and AI patients (8:2 v 7-4). The geometric mean 
of insulin concentrations was significantly higher in 
patients than in controls in all the groups at 0, 1, and 
2 hours—13 v 7, 78v 55, and 47 v 28 for white subjects; 
23 v 16, 107 v 96, and 70 v 52 for BA; and 18 v 14, 70 v 48 
for AI at 0 and 2 hours. These concentrations were 
significantly higher at all times in Asians than in white 
subjects both patients and controls.. 

We conclude that impaired glucose tolerance and 
diabetes is significantly more common in Asians than in 
white subjects and more so in AI. Insulin resistance is seen 
not only in Asian patients but also in white patients, with 
significant hyperinsuliaemia also found in Asian controls as 
compared with white controls. 
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Apolipoprotein (a) concentrations and 
susceptibility to coronary artery disease in 
patients with peripheral vascular disease 


P H Groves, A Rees, A Bishop, R Morgan, M Ruttley, 
N Lewis, I Lane, R Hall 

Departments of Cardiology, Medicine, Radiology, and 
Surgery, University Hospital of Wales, Cardiff 


Patients undergoing surgery for peripheral vascular diseases 
often have generalised atherosclerosis and a high incidence 
of significant coronary artery disease. Apolipoprotein (a) 
(Apo(a)) concentrations are genetically determined and have 
been strongly associated with the presence of coronary 
artery disease in the general population. The close structural 
homology that has been shown between Apo(a) and plas- 
minogen has been suggested as an important link between 
lipoprotein metabolism, the clotting or fibrinolytic system, 
and susceptibility to coronary artery disease. The aim of this 
study was at establishing whether an association exists 
between Apo(a) concentrations and coronary artery disease 
in patients with atherosclerotic peripheral vascular disease, 
We studied 38 consecutive patients under consideration for 
peripheral vascular surgery, all of whom underwent clinical 
assessment and coronary arteriography. À serum sample 
from each patient after fasting was analysed for concen- 
trations of total cholesterol, high density lipoprotein choles- 
terol (HDLC), Apo(a, apoprotein A-I (Apo A-I), 
apoprotein B (Apo B), and triglyceride. Apo(a) was mea- 
sured by a two site immunoradiometric assay using mono- 
clonal antibodies to two different epitopes of Apoa) 
(Pharmacia Diagnostics AB). The within assay coefficient of 
variation was 3:896. Of the 38 patients, 27 had significant 
coronary artery disease while 11 did not. These two patient 
groups were of similar age and sex distribution and had 
similar patterns of peripheral vascular disease and smokiing 
habits. None of the patients had diabetes mellitus, but a 
history of hypertension was found more frequently in 
patients with coronary artery disease (y ^, p < 0 01). Apo(a) 
concentrations were significantly greater in patients with 
coronary artery disease (median 328 U/I (range 33-1638) v 
122 U/l (19-206), p < 0-002) (Mann-Whitney U tesi) 
whereas HDLC concentrations were significantly lower in 
this group (mean 0-97 (SD 0:22) v 1:25 (0-49), p < 0:05 
(unpaired r test)). No significant difference was observed in 
the distribution of total cholesterol, Apo A-I, Apo B, or 
tryglyceride between the two groups. 

Thus, we conclude that high concentrations of Apola) 
and low concentrations of HDLC are significantly associ- 
ated with the presence of coronary artery disease in patients 
with surgically correctable peripheral vascular disease. 
Measurement of Apo(a) concentrations may prove to be a 
useful additional discriminator in the detection of patients 
with coronary artery disease within this group. 


Free radical production during human myo- 
cardial reperfusion 


J G Coghlan, W Flitter, A Holley, M Norrel, 

A G Mitchell, C D J Isley, T F Slater 

Harefield Hospital, Middlesex, and Brunel University, 
London 


Oxygen free radical production has been shown during 
myocardial reperfusion in animal models. Peak radical 
detection in the coronary sinus occurs 2-5 minutes after 
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reperfusion, thus excluding confusion .with ischaemic 
washout (5-15 seconds). We studied free radical activity in 
the blood of 15 patients undergoing percutaneous trans- 
luminal angioplasty to proximal anterior descending 
lesions with the highly specific technique of electron spin 
resonance spin trapping. Sequential coronary sinus sam- 
pling alone was performed in 10 patients and in a further 
five patients paired aortic and sinus samples were obtained. 
Phenylbutylnitrone was used to spin trap free radicals 
present in the blood and the samples were then evaluated 
by electron spin resonance. In nine of the 15 patients free 
radical activity was detected in the coronary sinus blood, 
with peak detection frequency between 2 and 4 minutes 
after balloon deflation. Radicals were not detected in any of 
the aortic samples or in the coronary- sinus samples taken 
before and during balloon inflation. 

This study provides the first unequivocal evidence 
of free radical production .during Human myocardial 
reperfusion. 


Dissociation between angiographic findings and 
functional assessment of myocardial ischaemia 
soon after successful coronary angioplasty 


H El-Tamini, G ] Davies, F Crea, P Sritara, D Hackett, 
A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


To understand better the mechanism responsible for exer- 
cise induced myocardial ischaemia after sucessful coronary 
angioplasty (PTCA), 13 patients who underwent single 
vessel P'TCA were studied. Exercise testing was performed 
before and on day 7 after PTCA, which was repeated after 
10 mg sublingual isosorbide dinitrates if the test gave pos- 
itive results. Quantitative coronary arteriography was.also 
performed on day 8 after PTCA in the basal state (B), after 
intracoronary infusion of 0-974 saline and 1, 5, 10, 20 ug 
ergometrine, and after 300 ug glyceryl trinitrate (GTN). 
All antianginal drugs except for aspirin- were stopped: 48 
hours before both phases of the study. All patients had.a 
positive exercise test (21mm ST segment depression) 
before PT CA but on day 7 seven patients had a positive 
exercise test with chest pain (group 1) and six patients had 
a negative exercise test (group 2). In group 1 all positive 
exercise tests on day 8 became negative when repeated after 
nitrates. There was no significant difference in the basal 
luminal diameter before, immediately after, and eight days 
after PTCA between the two groups. Intracoronary 
ergometrine was associated with a.dose dependent con- 
striction of the angioplastied segment with no significant 
difference in the magnitude of the response between the 
two groups (maximum constriction for group 1 was 19% 
(3) (p < 0-001 v B) and in group 2 was 20%, (4%) 
(p < 0-006 v B)). No angina, ischaemic ST changes, or 
occlusive or subocclusive spasm occurred in any patient of 
either group. The degree of dilatation induced by glyceryl 
trinitrate was also similar in both groups. 

Thus, soon after PTCA exercise testing may be positive 
despite successful dilatation. The lack of hyperreactivity of 
large epicardial vessels to-the powerful vasoconstrictor 
stimulus of ergometrine indicates that the mechanism 
responsible for exercise induced myocardial ischaemia 
after PTCA lies in small coronary vessels, an abnormality 
amenable to be abolished by glyceryl trinitrate. 
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Acute effects of transition to a Fontan circulation 


D J Penny, C Lincoln, H Xiao, M L Rigby, 

A N Redington 

Royal Brompton National Heart-and Lung Hospital, 
London 


The immediate effects of the Fontan operation on left ven- 
tricular function were studied in five patients by using 
simultaneous high fidelity intraventricular pressure mea- 
surements and M mode Doppler epicardial echocardio- 
grams recorded before and' after pulmonary bypass. The 
Fontan operation had no effect on left ventricular end 
diastolic pressure or systolic pressure or on load dependent 
indices of ventricular function (shortening fraction, rate of 
change of dimension, rate of posterior wall thickening, and 
thinning), but large changes in left ventricular geometry 
occurred. Maximum cavity dimension fell from 3-6 
(0-62) cm to 3-0 (0-68) cm (p = 0-03) and minimum dimen- 
sion fell from 2-7 (0-57) cm to 2:3 (0-05) cm (p = 0-046). 
Maximum posterior wall thickness increased from 11 
(3:6) mm to 14 (2-1) mm (p — 0-026) and minimum poste- 
rior wall thickness increased from 7:1 (3-6)mm to 10-4 
(1-5)mm (p —.0:003). Dappler echocardiography with 
simultaneous intraventricular pressure measurement 
showed gross isovolumic intraventricular flow suggestive 
of incoordinate wall motion in all patients. 

‘The Fontan operation causes a sudden reduction in 
left ventricular preload, which 1n the presence of a main- 
tained shortening fraction leads to a “hypertrophic” and 
incoordinate left ventricle. 


Left ventricular dysynchrony after the Fontan 
operation: evidence for incoordinate systolic and 
diastolic wall motion 


D J Penny, A N Redington 
Royal Brompton National Heart and Lung Hospital, 
London 


Thirty patients were studied between one day and six years 
after the Fontan procedure (FP) for evidence of regional 
abnormalities of ventricular wall motion. Left ventriculo- 
grams from 14 patients after FP and 11 patients with uni- 
ventricular atrioventricular connection before FP were 
digitised frame by frame. Strict criteria for incoordinate 
wall motion were used (outward movement of >50% of 
total outward movement of four. adjacent segments' before 
mitral valve opening or inward movement of >50% of 
total inward movement in four adjacent segments after 
minimum cavity dimension) so that minor abnormalities 
were not included. There were major abnormalities of 
regional wall motion in 12 of the 14 patients after FP but 
in only three of the 11 patients before surgery. Doppler 
inflow. velocities wererecorded in 16 patients with simulta- 
neous phonocardiogram and echocardiogram. Abnormal 
systolic base to apex flow reflecting incoordinate con- 
traction was detected in 15 patients. This had a mean velo- 
city of 23 cm/s (16-34) and lasted for 65% (40-83%) of the 
total electromechanical systole. Abnormal intraventricular 
flow from base to apex during isovolumic relaxation was 
detected in 11 patients with a mean velocity of 19 cm/s 
(10-27). These abnormal flow transients were not detected 
in any of the 10 normal children or six patients with a 
univentricular atrioventricular connection before FP. 

Major abnormalities of regional ventricular motion, 
which may have important implications for global ventric- 
ular function. and efficiency, are common after FP. 
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Transoesophageal echocardiography: new 
diagnostic technique in evaluation and follow up 
of Fontan procedures 


O Stumper, G R Sutherland, R Geuskens, E Bos, ] Hess 
Sophia Children’s Hospital, Rotterdam, The Netherlands 


Transoesophageal echocardiography (TOE) was used 
prospectively in 18 patients (aged 1-6—34 years; mean 12:6 
years) to determine whether this technique may be 
superior to transthoracic echocardiography (TTE) in the 
assessment of the immediate (five patients) or intermediate 
results (13 patients) after a wide range of Fontan type pro- 
cedures. The findings were correlated with one another 
and cardiac catheterisation (11.patients). Atrial shunting 
was documented by TOE in three patients and by TTE in 
only one. Two had this subsequently confirmed by cardiac 
catheterisation; the third underwent reoperation based on 
the TOE study alone. Right atrial thrombus formation was 
detected by TOE in three patients -and by TTE in one 
patient. Repeat TOE studies were used to evaluate throm- 
bolytic treatment in two, which was successful in one. 
Spontaneous right atrial contrast was identified in an 
additional two patients only by TOE. Atrioventricular 
valveregurgitation (11/18) was better defined by TOE than 
by TTE studies (5/18). A coronary artery fistula was 
identified by TOE in two patients and by TTE in none. Of 
the total of 29 Fontan.and Glenn connections established 
in these 18 patients, 25 (86%) were able to be evaluated by 
TOE and only 14 (48%) by TTE. Posterior Fontan con- 
nections were able to be evaluated by TOE in 10/10 
patients (TTE 5/10), and Glenn shunts in 8/9 patients 
(TTE in 3/9). Anterior Fontan connections were better 
shown by TTE (6/8 patients) than by TOE (5/8). Pul- 
monary artery obstruction was documented by TOE in 
three patients and by TTE in one. This was confirmed by 
subsequent cardiac catheterisation in all three and was 
excluded in the remaining eight patients who had cathe- 
terisation. Transoesophageal pulsed wave Doppler inter- 
rogation of pulmonary artery and pulmonary vein flow 
patterns consistently allowed a detailed evaluation of the 
Fontan circulation. Whereas pulmonary artery flow 
patterns varied according to the procedure used, the 
corresponding pulmonary vein flow patterns were found to 
be independent of the type of Fontan connection used. 

TOE is an important diagnostic and monitoring tech- 
nique in patients requiring Fontan procedures. In this 
series it proved to be largely superior to TTE and of sub- 
stantial additional value to cardiac catheterisation. Pulsed 
wave Doppler studies allow a detailed evaluation of haemo- 
dynamic characteristics after different types of Fontan 
procedures. 


Management of pulmonary artery stenosis after 
arterial switch operation for transposition of the 
great arteries 


R MR Tulloh, E D Silove, J V De Giovanni, 
J GC Wright, W J Brawn, B Sethia 
Children's Hospital, Birmingham 


The arterial switch operation is the treatment of choice for 
transposition of the great arteries and is now performed 
with a low mortality. One of the recognised complications 
is pulmonary artery stenosis (PAS), and we have found this 
in 16 out of 84 survivors. The following differences were 
observed between those infants with PAS and those with- 
out (NPAS). The mean age at operation of the PAS group 
was 14:8 (SD 11:2) days and for NPAS 271 (1085) days 
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(p = 0-05). The mean period of ventilation for PAS was 
3-8 (29) days and for NPAS 2-5 (1:9) days (p = 0 04). 
The mean time taking intravenous inotropic drugs for 
infants with PAS was 5-06 (SD 3-3) days and for those 
without 3-1 (1-8) days (p = 0-002). The mean post- 
operative Doppler velocity was 3:13 (0-9) m/s for PAS. 
Twelve infants underwent cardiac catheterisation at a 
mean of 252 (185) days after surgery and six had balloon 
dilatation. Of those with PAS at the anastomosis site, four 
out of five-had successful dilatation, and of those with PAS 
at the origin of the branch pulmonary arteries, four out of 
six had successful dilatations. None of the three patients 
with long segment PAS had successful dilatation. Six 
patients proceeded to surgery. There were no compli- 
cations and only one restenosis occurred after reoperation, 
which was dilated successfully. 

We suggest a risk factor for the PAS group is a younger 
age at surgery and they are more likely to require prolonged 
postoperative ventilation or inotropic support. Balloon 
dilatation should be undertaken for main or branch origin 
stenosis. Balloon dilatation or surgery 1s safe and effective. 


Abnormal right ventricular diastolic function is 
common after relief of severe outflow tract 
obstruction 


A N Redington, D J Penny, Alison Hayes, M L Rigby 
Royal Brompton National Heart and Lung Hospital, 
London 


With Doppler echocardiography and simultaneous 
respirometry and electrocardiography right ventricular 
diastolic function was studied in seven symptom free 
patients at a median interval of five years after complete 
correction of pulmonary atresia with intact septum (three) 
or critical pulmonary stenosis (four) and in seven age and 
sex matched controls. Tricuspid and pulmonary flow 
velocities were measured, and the atrial contribution to 
forward flow in the pulmonary artery was assessed with 
planimetry. Three inspiratory and three expiratory cardiac 
cycles were analysed and averaged. Relief of right 
ventricular outflow tract obstruction was complete in all 
patients. All, however, continued to show evidence of right 
ventricular diastolic abnormalities. There was obvious 
forward flow in the pulmonary artery coincident with atrial 
systole, which accounted for 23% (6:7-42%) of the total 
pulmonary flow in the patient group. This was not detected 
in controls. Though mean tricuspid E wave deceleration 
and E/A ratio was similar in patients and controls, a 
significant decrease in E wave deceleration time was 
observed in the patient group during inspiration 
(p = 0 008). 

Even after complete relief of right ventricular outflow 
tract obstruction in infancy abnormalities of right ventric- 
ular diastolic function, characteristic of a restrictive pro- 
cess (prominent atrial contribution to pulmonary flow and 
a shortening in tricuspid E wave deceleration during inspi- 
ration), are common even in symptom free patients. 


Congenital heart disease: nutritional state of 
children undergoing cardiac surgery 


I M Mitchell, J C S Pollock, M P G Jamieson, 
R W Logan 
Royal Hospital for Sick Children, Glasgow 


Nutritional state is a major determinant of the magnitude 
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of the metabolic response to injury, malnutrition being 
associated with poor wound healing, reduced immunity, 
and impaired respiratory function. We are currently study- 
ing the energy requirements of children with congenital 
heart disease before and after surgery by the doubly 
labelled water technique; as a preliminary we investigated 
their preoperative nutritional state. Forty children and 
29 variables were studied (19 males, 21 females, mean age 
1-75 years, range 2 days to 4-77 years). Body weight was 
less than or equal to the 10th centile in three and to the 
third centile in 15 (37:599). Results for height were 
(respectively) 1 and 8 (20%) and for triceps and sub- 
scapular skinfold thickness 6 and 3 (7-5%) and 4 and 6 
(15%). Bicarbonate concentrations were low in 18; chlo- 
ride was raised in 29. Total protein and albumin concen- 
trations were subnormal in 13 and in 19 (475%) 
respectively. Transferrin was low in five (12-595), zinc in 
seven (175%), copper in four, and magnesium in one. 
Phosphate was raised in 26, calcium in 11, aspartate trans- 
aminase activity in nine, alanine transaminase activity in 
two, and bilirubin in two. C reactive protein was raised 
above 10 mg/l in three patients; urinary 3-methylhistidine 
(a marker of whole body protein breakdown) was raised in 
these and in five others (20%). Overall, in 60% of patients 
the values of seven or more variables were abnormal. 

These results support the clinical impression that many 
children undergoing cardiac surgery are severely under- 
nourished. This is in contrast to previously reported 
findings in adults. 


Early use of captopril limits left ventricular 
remodelling after myocardial infarction 


S Ray, K G Oldroyd, M Pye, J Christie, D Northridge, 
I Ford, H J Dargie, S M Cobbe 
Western and Royal Infirmaries, Glasgow 


Captopril treatment started one to three weeks after myo- 
cardial infarction may limit left ventricular remodelling. 
Angiotensin II concentrations peak within a few days of 
infarction and the earlier use of captopril may be advan- 
tageous. In a double blind study 99 patients (82 men, age 
range 40—75) were randomly assigned to treatment with 
captopril or placebo within 24 hours of myocardial 
infarction, continuing for one year. No patient had to be 
withdrawn from captopril treatment because of acute 
hypotension, and over 12 months withdrawals and deaths 
were balanced between the treatment groups. Serial cross 
sectional echocardiography was used to assess ventricular 
remodelling. After 12 months of treatment left ventricular 
end diastolic volume index (EDVI) had increased (8:4 
(1-9) ml/m? in the captopril group v 19-0 (2-6) ml/m? with 
placebo, p — 0-002). Left ventricular end systolic volume 
index (ESVI) increased by 5-4 (1-3) ml/m? in the captopril 
group v 14-7 (23) ml/m? with placebo (p = 0-001). The 
resulting mean volume indices were significantly lower in 
the captopril group: EDVI 76-9 (3:0)ml/m? v 89.5 
(3-1)ml/m?, p = 0-005; ESVI 47-0 (3-8) mi/m? v 59-9 
(3-4)ml/m?, p= 0-005. In the patients with anterior 
myocardial infarction, anterior segment length increased 
by 4 (2) mm in the captopril group v 17 (4)mm with 
placebo (p = 0-009). In the subgroup with inferoposterior 
myocardial infarction the posterior segment length 
increased by 4 (2) mm in the captopril group v 13 (3) mm 
with placebo (p — 0-03) 

Thus captopril treatment started within 24 hours of 
myocardial infarction is safe and significantly attenuates 
ventricular remodelling over one year. 
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Influence of early vasodilator treatment on 
myocardial infarct size and the inflammatory 
response 


A Hargreaves, A Jacob, T Kolettis, L Flint, 
I MacGregor, A L Muir, N Boon 
Royal Infirmary, Edinburgh 


To test the hypothesis that captopril and nitrates may 
reduce infarct size and that captopril may scavenge free 
radicals or suppress inflammation, we have conducted a 
double blind randomised study in which 105 patients with 
acute myocardial infarction were assigned to treatment 
with placebo (n = 36), isosorbide mononitrate 20 mg three 
times a day (n = 33), or captopril 12:5 mg three times a day 
(n = 36). Treatment was started within 24 hours of the 
onset of-pain (mean 14-4 h) and was continued for 28 days. 
Infarct size was assessed two to four days after the onset 
of pain by tomographic technetium-99m pyrophosphate 
imaging. Quantification of infarct size was by voxel count- 
ing. Vasodilator treatment had no influence on infarct size 
(placebo 58-9 (90), nitrate 658 (5:2), captopril 58:8 
(7-8) cm?). The inflammatory response was quantified by 
estimating plasma neutrophil elastase activity, a measure of 
neutrophil activation, and the plasma concentration of the 
phospholipid diene conjugated isomer of linoleic acid, a 
product of free radical lipid attack. The average neutrophil 
elastase activity over the 48 hours after trial entry was 
similar in the three groups (placebo 40-0 (3-6), nitrate 52:3 
(5:5), captopril 41:6 (2:5) ng/ml). There was no evidence of 
suppression of free radical production with similar values 
of the ratio of the diene conjugated to the diene uncon- 
jugated isomer of linoleic acid over the same time period 
(placebo 2:8 (0.2), nitrate 2-9 (0-2), captopril 2-9 (0-3) 
(x 107“). 

We conclude that early oral vasodilator treatment has 
little or no effect on infarct size or infarct associated 
inflammation. 


One year comparative study of captopril and 
flosequinan in patients with chronic heart failure 


A J Cowley, ] R Hampton on behalf of Flosequinan 
Investigators Group 

Department of Medicine, University Hospital, 
Nottingham 


Two hundred and nine patients with chronic heart failure, 
whose symptoms remained despite at least 80 mg fruse- 
mide daily and who were not taking vasodilators were 
randomised double blind to either flosequinan or captopril 
for one year. Before randomisation each patient completed 
a single blind placebo period until their exercise tolerance 
had plateaued. The patients were stratified according to 
whether they were capable of performing at least three 
minutes of treadmill exercise to either a treadmill group or 
if they could not to a corridor walk test group. The tread- 
mill group underwent exercise tests at weeks 2, 4, 6, 8, 13, 
26, 39, and 52 according to a modified Bruce protocol 
whereas the walk test group completed a six minute test 
only at the same-times. One hundred and two patients were 
randomised to flosequinan; 65 were withdrawn, of whom 
22 died. Forty three patients were withdrawn from cap- 
topril, of whom 17 died. Withdrawal from flosequinan was 
due to worsening heart failure 1n 11 and adverse events in 
28 whereas the corresponding numbers in the captopril 
group were nine and 15. In those patients capable of tread- 
mill testing with their last exercise time taken as end point 
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there was no difference in the increase in treadmill exercise 
time; in the flosequinan group the mean baseline exercise 
time was 593 s and the end point 709 s (n = 31), and in the 
captopril group the baseline was 572s and the end point 
738s (n = 36) (p = 0:57). Values were similar in both 
groups in the patients who completed the corridor walk test 
only: the distance walked at baseline was 208 m and at the 
end point 271 m in the flosequinan group and 252m and 
326m in the captopril group (p = 0-71). Analysis of the 
exercise times at each visit for those patients who continued 
in the study also showed no differences. 

Flosequinan had equal efficacy with captopril in the 
patients who were able to continue treatment but it was 
associated with a greater withdrawal rate, predominantly 
due to adverse events, over the one year period of this 
study. 


Comparison of a new neutral endopeptidase 
inhibitor with frusemide in left ventricular 
dysfunction 


M J Metcalfe, D B Northridge, Esther Henderson, 
N Jackson, H Dargie 
Department of Cardiology, Western Infirmary, Glasgow 


Atrial natriuretic factor has significant diuretic and vasodi- 
latory properties and is degraded by neutral endopepti- 
dase. Therefore, a specific inhibitor of this enzyme might 
have beneficial effects in left ventricular dysfunction by 
increasing circulating atrial natriuretic factor concentra- 
tions. We compared such an inhibitor (candoxatril) with 
frusemide in 18 patients with previous myocardial infarc- 
tion. All patients had left ventricular dysfunction, defined 
as an end diastolic dimension > 55 mm; fractional shorten- 
ing <25%; and a reduced exercise capacity with a maxi- 
mum oxygen consumption of «25 ml/kg/min. Patients 
were randomised in single blind fashion to (a) candoxatril 
200 mg twice a day, (b) candoxatril 400 mg twice a day, or 
(c) frusemide 20mg twice a day. After 10 days atrial 
natriuretic factor concentrations increased significantly by 
155% (p « 005) and 210% (p < 0-01) with candoxatril 
200 mg and 400 mg respectively. With frusemide, concen- 
trations decreased by 40% (p « 0-05). There was a signifi- 
cant increase of 329% in plasma renin activity with fruse- 
mide but no significant change with candoxatril. At four 
hours after dosing mean pulmonary wedge pressure 
decreased by 41% from 13-1 to 7-7 mm Hg (p < 0 05) and 
by 45% from 15:5 to 8:5 mm Hg (p « 0:05) after candoxa- 
tril 200 mg and 400 mg respectively. With frusemide there 
was a smaller decrease of 15% from 11:5 to 9:8mm Hg 
(p < 005). Similar changes were noted for right atrial 
pressure recordings. This reduction was sustained by 
candoxatril at six hours but became attenuated after four 
hours with frusemide. Mean arterial pressure fell by 
10-5mmHg (p< 0-05) 143mmHg (p«001) and 
37mmHg (NS) with candoxatril 200 mg, candoxatril 
400 mg, and frusemide respectively. No significant changes 
in heart rate or cardiac output were noted. After dosing 
urine volume increased by 376%, 201%, and 498% over 
the first three hours and by 337%, 151%, and 270% over 
the next three hour period for candoxatrl 200 mg, 
candoxatril 400 mg, and frusemide respectively. Sodium 
excretion was similarly increased by 213%, 236%, and 
367% for the first three hour period and by 222%, 233%, 
and 214% for the second three hours respectively. 

Both candoxatril and frusemide lower filling pressures 
and induce a natriuresis. Candoxatril in contrast to fruse- 
mide is not associated with adverse neuroendocrine effects 
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and its haemodynamic effects are more prolonged. There- 
fore, neutral endopeptidase inhibitors may have advan- 
tages over standard diuretic treatment in left ventricular 
dysfunction. 


Decreased overall sympathetic activity during 
inhibition of angiotensin converting enzyme in 
patients with chronic heart failure 


A J McCance, J C Forfar 
Department of Cardiovascular Medicine, John Radcliffe 
Hospital, Oxford 


Angiotensin converting enzyme inhibitors improve symp- 
toms and survival in chronic heart failure, some of which 
benefit may be due to improved autonomic balance. We 
used whole body tritiated noradrenaline (NA) kinetics to 
evaluate the short (48 hours) and medium term (six weeks) 
effects of angiotensin converting enzyme inhibition with 
ramipril on overall sympathetic activity in 21 patients with 
chronic heart failure (aged 68 (3) years) stabilised by 
diuretic treatment (69 (6)mg frusemide). At each visit 
radiotracer NA kinetics (assessed in arterial plasma) were 
measured at rest and at the same level of supine bicycle 
exercise. In eight patients given placebo no changes in NA 
kinetics occurred over the six week treatment period 
(whole body NA spillover at rest 240 (32), 251 (34), and 230 
(18) ng/min/m? at baseline and after two and 42 days treat- 
ment respectively, NS; NA spillover during submaximal 
exercise 561 (65), 584 (187), and 619 (96)ng/min/m? 
respectively, NS. Pretreatment values were, however, 
lower than those in the 13 patients who received ramipril 
5-10 mg daily. In the ramipril treated patients there was a 
decline with treatment in resting and exercise arterial 
plasma NA concentration (339 (29), 315 (37), and 303 
(35) pg/ml at the three time points at rest, p < 0-05; 681 
(48), 557 (64), and 562 (84) respectively during exercise, 
p < 0-05) and in whole body NA spillover to arterial 
plasma, both at rest (385 (39), 354 (43), and 312 
(32) ng/min/m", p < 0-05) and during submaximal exercise 
(733 (46), 728 (114), and 612 (81) ng/min/m", p < 0:05). 
This decline was more pronounced at six weeks than at 48 
hours. Whole body NA clearance did not change during 
the treatment period in either group. 

Angiotensin converting enzyme inhibition with ramipril 
in patients with chronic heart failure is associated with a 
decline in overall sympathetic tone. This effect is more 
prominent at six weeks than at 48 hours, which may be 
relevant to the delayed clinical benefit of angiotensin 
converting enzyme inhibition. 


Is routine withdrawal of digoxin necessary before 
elective cardioversion? 


P G Avery, Sophie Vincent, P J B Hubner 
Groby Road Hospital, Leicester 


Digoxin treatment is often withheld before direct current 
(DC) cardioversion because of the risk of ventricular 
arrhythmias. To test the necessity for this we randomly 
allocated 35 patients admitted for DC cardioversion for 
atrial fibrillation (AF) either to continue taking digoxin 
(group 1) or to stop treatment for 48 hours (group 2). All 
patients had continuous electrocardiographic monitoring 
from one hour before cardioversion until two hours after. 
Four patients were also taking amiodarone 200 mg once 
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daily, two in group 1 and two in group 2. There were 17 
patients in group 1 and 18 in group 2. Mean heart rate was 
similar before cardioversion (97 beats/min in group 1 v 95 
beats/min in group 2) and after (83 v 85 beats/min), and 
there was no difference between potassium concentrations 
in the two groups (4:36 v 4:17 mmol/l). Overall success for 
conversion to sinus rhythm was 60% and 65% in group 1 
and 56% in group 2. In group 1 mean digoxin concen- 
tration was 1:79 nmol/l (range 1:0—5-4 nmol/1) and in group 
2 0-34nmol/} (0-1-0 nmol/l), which was significantly 
different from the value in group 1 (p = <0-001). There 
were no sustained ventricular arrhythmias in either group. 
The mean number of ventricular ectopics in group 1 before 
DC shock was 80 (0—595) and after was 50 (0-346). The 
number of ventricular ectopics did not significantly differ 
in group 2 (50 (0-156) before cardioversion and 77 (0-480) 
after). There was no correlation between the number of 
ventricular ectopics and serum digoxin concentrations. 

'These findings show that withdrawal of digoxin does not 
influence ventricular ectopy during elective cardioversion 
and may be unnecessary. 


Coronary angiography in Glasgow: relation to 
coronary heart disease and social class 


I N Findlgy, H J Dargie, T Dyke 
Royal Alexandra Hospital, Paisley, Western Infirmary, 
Glasgow, and University of Glasgow, Glasgow 


Standardised mortality ratio (SMR) for coronary heart dis- 
ease correlates highly with social deprivation score (SDS). 
We examined their influence on coronary angiography 
rates 1n 1986 and 1987 in Greater Glasgow Health Board 
residents aged 35—64. SDS for each patient was derived 
from SCOTDEP scores (range 1 to 7—low to high SDS) 
from area postal codes. Coronary angiography rates were 
obtained from OPCS 3 code 306-9, SMRs in men were 52, 
72, 88, 107, 120, 133, and 128 for SDS 1-7 respectively. 
Mean angiography rate a year and number performed a 
year were 4:5 per 1000 and 692. When adjusted for the 
different SMR, used as the criterion of need for angio- 
graphy, predicted rates were 2-3, 3:2, 3-9, 4-8, 5-3, 5-9, and 
5:7 per 1000 for SDS 1-7 respectively. Observed rates were 
3-6, 4 5, 47, 4:5, 5:2, 5-1, and 4-1 per 1000 for SDS 1—7 
(excess 33, deficit 46 angiograms a year (155% and 72% of 
predicted) for comparable sized SDS 1 v 7). SMRs in 
women were 38, 65, 73, 102, 96, 141, and 144 for SDS 1-7 
respectively. Mean angiography rate a year and number 
performed a year were 1:65 per 1000 and 390. When 
adjusted for the different SMR, predicted rates per 1000 
were 0-9, 1-5, 1-7, 23, 22, 3:2, and 3:3 for SDS 1-7 
respectively. Observed rates were 1:7, 1-4,2-2, 2-4, 2:3, 3-0, 
and 2-7 for SDS 1-7 respectively (excess 24, deficit 18 
angiograms a year (200% and 83% of predicted) for SDS 
lw 7). 

These data show a relative excess of referral for coronary 
angiography, particularly in women, in patients from areas 
of low social deprivation. This was not apparent from 
crude angiography rates. If, as seems likely, these rates 
approach the ideal then this suggests a significant need 
is not being met in patients from areas of high social 
deprivation. 
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Admission to hospital with suspected myocardial 
infarction, 1973-89: from the Nottingham heart 
attack register 


D Gray, J R Hampton 
Department of Medicine, Queen’s Medical Centre, 


Nottingham 


The Nottingham heart attack register was established in 
1973 to monitor admissions to the Nottingham hospitals 
for suspected myocardial infarction. Analysis of over 
20000 admissions and the cases of over 8000 people who 
were declared dead on arrival was undertaken to identify 
trends in patient behaviour, involvement of the general 
practitioner and ambulance service before admission, man- 
agement in hospital, and outcome. There was a fivefold 
increase in admissions, exceeding 4000 per year in 1989. 
The median delay from symptom onset to arrival in hospi- 
tal decreased from over four hours to under three. A gen- 
eral practitioner was called to over 60% of those admitted. 
Nottingham ambulances conveyed an increasing propor- 
tion of an ever increasing number of patients, reaching 
85% of all admissions by 1989; the number of 999 calls 
almost doubled. The number of men admitted always 
exceeded the number of women admitted, and men 
(particularly younger men) were always more likely to be 
admitted to a coronary care unit (CCU); by 1989 these 
differences were slight. Three quarters of patients with a 
confirmed myocardial infarction were treated initially in a 
CCU. Acute myocardial infarction was diagnosed on dis- 
charge in a quarter of admissions, a third having a possible 
myocardial infarction. Mortality declined generally from 
18% to 10%, but men always fared better than women and 
those under 65 better than those over 65. CCU mortality 
fell from 18% to 10%, ward mortality fell from 27% to 
10%, and myocardial infarction mortality was constant at 
20%. Drug prescribing changed markedly. In 1973, 30% 
of patients received either digoxin or an antiarrhythmic 
drug, but only 10% by 1989; diuretic use was constant at 
about 45% and f! blockers and anticoagulants were 
prescribed more frequently, in over a quarter by 1989. 
‘Temporary pacing, inotropic drugs, and intravenous vaso- 
dilator drugs were used infrequently. 

Acute myocardial infarction shows no evidence of 
decline in Nottingham and demand for admission with 
suspected myocardial infarction continues to increase. 


Blood selenium state of controls and patients with 
ischaemic heart disease and of healthy volunteers 
in Ayrshire and a survey of dietary selenium 


A MacPherson, Margaret N I Barclay, B M Groden 
Scottish Agricultural College, Auchincruive, and 
Crosshouse Hospital, Kilmarnock 


There is evidence that the atherogenic process is initiated 
by the free radical lipid peroxidation of low density 
lipoprotein and that this process can be inhibited by 
antioxidants—for example, vitamins A, C, and E. A strong 
inverse relation has been shown between mortality from 
ischaemic heart disease and plasma vitamin E concen- 
trations (WHO/MONICA), Selenium, through its pres- 
ence in the structure of the antioxidant enzyme glutathione 
peroxidase, is also involved in the damage limitation pro- 
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cess by degrading potentially toxic lipid hydroperoxides. 
This paper reports the blood selenium state of 354 patients 
with ischaemic heart disease and matched controls in 1985 
and of 478 volunteers participating in the Ayrshire heart 
health campaign three years later. It also presents data on 
the change in dietary selenium over the period 1985—90. 
The mean whole blood glutathione peroxidase activity for 
the 354 patients in 1985 was 8-16 U/ml and was highly 
significantly (p « 0-001) lower in patients with ischaemic 
heart disease (6 54 (0-41)) than in controls (9-57 (0-43)). In 
1988 the mean activity was 6:08 (0-065) U/ml and was 
inversely correlated with white bread consumption and 
directly with wholemeal bread but not with oily fish con- 
sumption. Significant relations were also found with social 
class, age, and place of residence but not with a history of 
angina or previous heart attack. The numbers in these lat- 
ter categories were low, however. Dietary selenium has 
declined from 43 ug/day in 1985 to around 30 ug/day in 
1990 because of decreased use of imported Canadian wheat 
flour in bread making. The proportion of dietary selenium 
provided by cereals has fallen from 47% to 24%. The 
lower mean glutathione peroxidase activity recorded in 
1988 is consistent with the decrease in dietary selenium 
since the previous survey in 1985. The two populations, 
however, may not have been entirely comparable. 


Analysis of heart disease mortality data: inference 
on causality and prospects for primary prevention 


R R West 
University of Wales College of Medicine, Cardiff 


An important consideration in support of causality of 
association in epidemiological studies is specificity of the 
association between the putative “risk marker" and the 
disease under study. Nevertheless, many studies, both 
observational and experimental, investigate mortality from 
a single disease without comparison with a control disease 
or with *'all causes." Reappraisal of methods of analysing 
mortality data and of presenting the results of analysis as 
(age standardised) proportions of all cause mortality 
creates case-control comparisons and helps to distinguish 
between more deaths and younger deaths, thereby over- 
coming an important limitation of the familiar standard- 
ised mortality ratio (SMR). Results of these analyses show 
that cigarette smoking, an important risk marker for heart 
disease, is not associated with more deaths from heart dis- 
ease but rather with younger death from a number of 
causes (including heart disease). The lifetime risk of heart 
disease death is inversely associated with smoking: never 
35%, light 34%, medium 32%, heavy 29%. 

On present evidence and for the foreseeable future heart 
disease is not preventable: the later stages (severe disabling 
disease) and the final manifestation (death) may be post- 
ponable, which is not the same thing. These findings have 
implications both for preventive medicine and for health 
care planning. 


Epidemiology of heart valve surgery in Ireland, 
1956-85: a 30 year perspective 


E Keelan, A McGoldrick, M Codd, M Hickey, 
D Kneafsey, M Neligan, K Shaw, E O’Malley, 
D Sugrue 

Cardiac Department, Mater Hospital, Dublin, 
Republic of Ireland 
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Because of its small size Ireland affords a unique oppor- 
tunity for population based research. From the mid-1960s 
to 1985 virtually all adult heart valve surgery was per- 
formed in one centre. The operative records for this centre 
and all the other available operative records for the country 
were reviewed. Data were entered on precoded data sheets, 
stored on an Amdahl 5860 mainframe computer, and ana- 
lysed with the statistics analysis system (SAS) package. 
With triennial national census data, procedure rates per 
100 000 of the population were calculated. The total num- 
ber of operations increased from 27 in 1956 to 201 in 1979 
and thereafter levelled off at a mean of 196 operations a 
year. The five year procedure rate per 100000 population 
was 6:9 in 1956—60 and increased to 28:9 in 1980-5. The 
procedure rate for mitral valvotomies peaked at 18 5 in 
1961—5 and fell to 2:5 in 1981—5. The mitral valve replace- 
ment rate increased from 0-2 in 1961—5 to a peak of 9-7 in 
1976—80 and fell to 8:8 in 1981—5. The aortic valve replace- 
ment rate increased during each successive five year 
period, from 0-1 in 1961—5 to 17-6 in 1981-5. The double 
valve replacement rate remained approximately 30 
for the three five year periods from 1971 to 1985. The 
aetiology of the disease in patients undergoing valve 
surgery changed dramatically; 68% had rheumatic valve 
disease in 1976 v 30% in 1985 and 10% had degenerative 
disease in 1976 v 40% in 1985. A progressive increase in 
mean age was observed also. 

This review provides a unique national perspective on 
the trends in valve surgery over 20 years and affords an 
opportunity for rational health planning for the future. 


Failure of provision of antibiotic prophylaxis for 
at risk cardiac patients 


L N Forbat, J D Skehan 
Cardiothoracic Unit, Groby Road Hospital, Leicester 


Patients at risk of infective endocarditis may not be aware 
of the need for antibiotic prophylaxis and not receive 
appropriate advice or treatment. Questionnaires were sent 
to general practitioners and dentists and 189 at risk patients 
(aged 12—92 years, mean 62). Only 46% of patients recalled 
any advice about prophylaxis and 26% recalled written 
advice. Thirty per cent remembered receiving repeated 
advice. Only 21% could accurately recall specific 
instructions for prophylaxis. Half the patients attended a 
dentist, but only 12% had done so within one year and 39% 
and not attended in five years. Half told their dentist about 
their heart condition, 40% of these brought a doctor's note, 
and only 44% of all patients recalled receiving antibiotics 
before treatment. General practitioners! replies (262/480; 
55% in 200 practices) indicated that 97% gave antibiotic 
advice but only 3% in writing. Only 50% took a dental 
history. Dentists’ replies (72/240; 30% in 120 practices) 
indicated that 94% identified at risk patients on their regis- 
ter. Only 14% of general practitioners identified such 
cases, but 75% could adapt their register to do so. Most 
dentists (96%) and 57% of general practitioners would 
prescribe antibiotics recommended by the British Society 
for Antimicrobial Chemotherapy. Only half of the general 
practitioners and dentists thought that they received ade- 
quate advice from their cardiac centre. Up to half of the 
general practitioners and dentists did not know all of the 
cardiac conditions requiring prophylaxis. 

This study shows important failures in dental care and 
provision of antibiotic prophylaxis for at risk patients. 
Improved communications are needed to address these 
problems. 
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Early experience with directional coronary 
atherectomy 


M H Anderson, I A Simpson, Jessica Mann, 
A ] Camm, D E Ward 
St George’s Hospital Medical School, London 


We assessed the safety and efficacy of the Simpson athe- 
rectomy catheter in 11 patients with eccentric lesions in a 
major coronary artery. Atherectomy was attempted in 
seven left anterior descending (LAD) vessels (seven 
lesions), one LAD graft, and three right coronary (RCA) 
vessels (four lesions). Two patients had angioplasty of 
other lesions. All patients were fully heparinised during the 
procedure and for 24 hours afterwards. A guiding catheter 
of 9 5 (RCA) or 11 (LAD) French gauge was introduced 
into the target vessel and the lesion was crossed with a 
0-014 inch high torque floppy wire. The primary success 
rate (stenosis reduced to « 5096) was 10/12 (83%). How- 
ever, three of these vessels (all LAD) became occluded 
after 10 minutes (reopened by angioplasty), 24 hours 
(reopened by angioplasty with small enzyme activity 
increase), and 5 days (patient received internal mammary 
graft six weeks later) with no long term sequelae for the 
patients, who are now symptom free. The remaining six 
patients were followed up for a total of 25 months. Five 
remain well while one returned after six months with 
symptomatic restenosis at the atherectomy site, which was 
successfully treated by angioplasty. An average of 7:8 
(range 4-12) cuts produced 3-8 (range 1—8) tissue pieces per 
patient. The number of tissue pieces and residual stenosis 
was not related (r = +0-3), suggesting that the mechanical 
displacement of atheroma (Dotter effect) is important in 
obtaining a good result. Individual histological features 
were present with varying frequency: fibrous tissue 
(100%), smooth muscle proliferation (50%), haemosiderin 
(30%), calcification (20%), cholesterol (20%), thrombus 
(20%), internal elastic lamina and part of media (10%). 
Two patients suffered complications, one left main stem 
dissection requiring non-emergency bypass grafting and 
one femoral artery occlusion. 

The Simpson atherectomy catheter is a safe and practical 


form of treatment for discrete (<10mm long) eccentric | 


coronary artery lesions. 


Excimer laser coronary angioplasty: initial 
experience in the United Kingdom 


M M Webb-Peploe, L D R Smith, E Fuller, 

P Wilmshurst, D S Thompson, D J Coltart 
Department of Cardiology, St Thomas’s Hospital, 
London 


Since February 1990 the 200+ dymer (Advanced Inter- 
ventional Systems) excimer laser has been used to treat 58 
patients in 63 procedures (52 in men, 11 in women; mean 
age 55-4 years, range 32-78). Thirty procedures (48%) 
were high risk (one or more of (a) left ventricular ejection 
fraction (LVEF) < 35%; (b) triple vessel coronary artery 
disease; (c) unstable angina; (d) need to treat a stenosis in 
the sole remaining coronary conduit). Nineteen procedures 
(31%) were in patients with present or recent unstable 
angina, 23 (37%) in patients turned down for (further) 
coronary surgery. LVEF averaged 55% (range 27% to 
78%). There was a high incidence of previous myocardial 
infarction (43%), previous bypass graft surgery (CABG) 
(37%), previous balloon angioplasty (PTCA) (32%). Fif- 
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teen laser treated lesions in 11 patients were restenoses 
after PTCA and seven lesions in five patients required 
repeat excimer laser coronary angioplasty (ELCA) or 
PTCA, or both, for restenosis after ELCA. Of the 112 
lesions available for treatment, 29% were short (« 5mm 
long), 49% were intermediate (5-15 mm long), and 22% 
long (> 15 mm long). Fifty seven lesions were treated by 
ELCA alone (reducing mean per cent stenosis from 74 (SD 
13-2) to 24 (10-5), 37 by ELCA and PTCA (stenosis 
reduced from 82 (12-4) to 23 (20-7)), and 16 by PTCA alone 
(stenosis reduced from 72 (11-5) to 15:3 (13:4)). In this high 
risk group of patients there were three procedure related 
deaths (one ELCA related, 10 hours after the procedure, 
and two PTCA related, one 72 hours after the procedure 
and the other during the procedure); one late death 10 
weeks after the procedure; two acute thrombotic closures 
due to inadequate early heparin dose; three extensive and 
six minor dissections; one perforation; five spasm; two late 
small coronary artery aneurysms; two myocardial 
infarction (one ELCA and one PTCA related); two distal 
coronary emboli. No patient required emergency coronary 
artery bypass grafting. 


Long term follow up of self expanding stents 


M G Williams, J T Stewart, L Denne, P Gunnes, 
K-W Lau, A F Rickards, U Sigwart 

Royal Brompton National Heart and Lung Hospital, 
London 


Coronary artery stents were developed to treat abrupt 
vessel closure during coronary angioplasty (PT CA) and to 
control restenosis. Between 1986 and 1989, 132 patients 
underwent stent implantation with 171 self expanding 
mesh stents. Stent implantation into native coronary ves- 
sels was undertaken as a primary procedure to treat acute 
myocardial ischaemia in 29 patients (after PTCA in 24 and 
unstable angina in five) with.34 stents. Elective stent 
insertion for native vessel restenosis was performed with 71 
stents in 61 patients, and 66:stents were deployed electively 
in saphenous vein coronary bypass graft (CABG) stenosis 
in 42 patients. The postimplantation course during a follow 
up period of 1 to 34 (mean 17) months was uncomplicated 
in 101 (76:597$) patients. Thrombotic stent occlusion 
before discharge occurred in eight (6:190) patients and was 
treated conservatively in two, by PTCA in four, and by 
CABG in three (after unsuccessful PTCA in one case). 
Surgical repair of the femoral artery was required in eight 
patients (6-1%) because of persistent bleeding in the pres- 
ence of anticoagulant treatment. Among the group who 
underwent urgent stent implantation, restenosis requiring 
repeat PTCA occurred in one (4%) patient and an addi- 
tional four patients (13%) required further intervention 
(PTCA or GABG) for other disease. After elective stent 
implantation into native vessels symptomatic restenosis 
occurred in four (6-6%) patients and intervention for 
different disease was required in a further four (6-695). 
After stent implantation into coronary artery bypass grafts 
restenosis occurred in three (7%) and an additional six 
(14-399) patients underwent repeat intervention for 
different lesions. There were nine deaths (mortality 6:896) 
during follow up, three in each group. Management of 
anticoagulation after stent implantation may be difficult 
but the PTCA restenosis rate is reduced considerably, and 
this may be the procedure of choice for the management of 
CABG stenosis. 
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Combined coronary angioplasty and ultrasound 
imaging catheter: initial in vivo studies in humans 


A G Violaris, Anne Procter, S Campbell, 
G D G Oakley, D C Cumberland 
Northern General Hospital Sheffield 


Intravascular ultrasound allows direct visualisation and 
characterisation of the arterial wall and measurement of 
luminal cross sectional area and wall thickness. This has 
particular potential for coronary angioplasty procedures. 
We have tested a new combined coronary angioplasty and 
ultrasound imaging catheter (Endosonics) which allows 
immediate assessment of the vessel wall during and after 
balloon angioplasty. It consists of a 2:5 or 30mm per- 
cutaneous transluminal coronary angioplasty balloon with 
an integral synthetic aperture transducer. The balloon 
profile is 0-044 inch and the transducer profile 0 072 inch. 
It uses a standard 0:014 inch guide wire. This combined 
catheter was used to perform coronary angioplasty in 10 
patients. Trackability and movement over the wire within 
the coronary vessels was good. Pushability against the 
lesions was similar to that of a standard balloon catheter. In 
one patient we were unable to cross the lesion because of 
the high balloon profile. Satisfactory images were obtained 
in eight patients providing information on the vessel wall 
and luminal diameter. Ultrasound imaging influenced our 
management in two out of the eight cases. In one a 
significant stenosis was present that was not convincingly 
shown on angiography. In another there was a significant 


residual stenosis on ultrasonography requiring redilatation . 


with a larger balloon resulting in definite improvement on 
ultrasound despite what appeared to be a good initial 
angiographic result. In two patients no images were 
obtained, in one for unknown reasons and in one because 
persistent manipulation of the catheter in attempting to 
cross the lesion led to loss of the signal. 

We conclude that this combined catheter assists in the 
performance of percutaneous transluminal coronary angio- 
plasty and may allow characterisation of the vessel wall not 
achievable with standard angiography. In some cases, how- 
ever, image quality was hampered by the presence of air 
bubbles trapped in the balloon. Future technical develop- 
ments should include lower balloon and transducer profiles 
and improved balloon venting mechanisms to allow optimal 
image quality. 


Can o 3 fatty acids reduce percutaneous 
transluminal coronary angioplasty restenosis 
rate? 


C M Bellamy, P M Schofield, E B Faragher, 
D R Ramsdale 
Cardiothoracic Centre, Liverpool 


Restenosis of a coronary artery dilated by coronary 
angioplasty (PTCA) occurs in up to 40% of lesions. We 
investigated whether w 3 fatty acids (Maxepa) adminis- 
tered 1-2 days before and for six months after angioplasty 
could reduce this restenosis rate. À total of 120 consecutive 
patients who underwent PTCA to one or more stenoses 
were randomly assigned to standard treatment plus 1-8g 
eicosapentaenoic and 1-2g docosahexaenoic acid daily 
(group A, n = 60) or to standard treatment alone (group B, 
n — 60). There was no statistical difference between groups 
in baseline characteristics. Quantitative angiography at a 
mean 31-4 weeks after angioplasty occurred in all patients 
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in group A but in only 53 in group B. Primary angiographic 
success was defined as a lesion of > 5095 diameter stenosis 
reduced to half of the initial diameter stenosis and 
restenosis as a loss of >50% of initial angiographic 
improvement in those lesions with a primary success. In 
group A 106 lesions were dilated, with angiographic suc- 
cess in 79. Restenosis occurred in 27-8% of these. In group 
B 96 lesions were dilated, but only 87 had angiographic 
follow up. Angiographic success occurred 1n 60, of which 
28 3% restenosed (NS; group A v B) There was no 
significant difference between group A and group B in the 
mean diameter stenosis before and immediately after 
angioplasty or at follow up angiography. Twenty seven 
patients required a further revascularisation procedure in 
the year after angioplasty (22 v 15, A v B; NS). Return of 
anginal symptoms during the six months after angioplasty 
occurred in 51-7% of group A and 55% of group B (NS). 

In conclusion, administration of capsules containing w 2 
fatty acids in the quantity used 1—2 days before angioplasty 
and continued for six months conferred no benefit in 
restenosis rate, recurrence of symptoms, or need for a 
further revascularisation procedure. 


Restenosis after coronary angioplasty: role of 
preangioplasty stenosis morphology 


D Tousoulis, J C Kaski, G Davies, H El-Tamimi, 
F Crea, A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


To assess the role of precoronary angioplasty (PTCA) 
stenosis morphology on restenosis, 41 patients (47 steno- 
ses) who underwent repeat angiography > 3 months (mean 
11 (1-5)) after PTCA were studied. Coronary stenosis 
diameter, area, symmetry, and morphology were assessed 
by computed quantitative coronary angiography before 
and immediately after PTCA and on follow up angio- 
graphy. Before PTCA 18 stenoses were concentric (sym- 
metric narrowings with smooth borders), 12 eccentric 
(asymmetric narrowings with smooth borders), and 17 
irregular (three or more serial severe, closely spaced 
obstructions in a coronary artery) or type II eccentric 
(asymmetric narrowings with scalloped or multiple irregu- 
lar borders). Restenosis occurred in 18 lesions: two (11%) 
concentric, four (33%) eccentric and 12 (70%) irregular or 
type II (p < 0-05), while 29 lesions remained unchanged. 
Stenosis diameter, area, and symmetry before and immedi- 
ately after PT'CA were similar in the 18 patients with and 
the 23 patients without restenosis. The follow up angio- 
gram showed that 11 (61%) stenoses in the restenosis 
group and 18 (63%) in the no-restenosis group had similar 
morphology to that before PT'CA. Restenosis occurred in 
seven (30%) patients with chronic stable angina and in 11 
(61%) with unstable angina (p < 0-05). In patients with 
stable angina one (8%) concentric stenosis, two (25%) 
eccentric stenoses, and four (80%) irregular lesions 
restenosed. In patients with unstable angina one (25%) 
concentric, two (50%) eccentric, and eight (66%) irregular 
lesions restenosed. 

Stenoses that were irregular before PTCA tended to 
adopt an irregular morphology if they recurred, whereas 
concentric stenoses rarely recurred. These findings indi- 
cate that irregular and type II eccentric stenoses are associ- 
ated with a higher risk of restenosis than are concentric 
stenoses. In most cases the morphology of a restenosed 
lesion is similar to that observed before PTCA. 
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Cardiac manifestations of Marfan's syndrome: 
improved evaluation with transoesophageal 
echocardiography 


I A Simpson, M A de Belder, T Treasure, A J Camm, 
C W Pumphrey 

Regional Cardiothoracic Unit, St George's Hospital, 
London 


Aortic root pathology is common in Marfan's syndrome 
but is not well visualised by conventional transthoracic 
echocardiography. Transoesophageal echocardiography 
(TOE) can provide high resolution imaging of the heart 
and great vessels and may be valuable for the diagnosis of 
aortic dissection in such patients. We performed TOE in 
14 patients (aged 19-56 years) known to have Martan’s 
syndrome. Eight patients had suspected aortic dissection, 
four had inadequate results from transthoracic studies, and 
two patients had endocarditis postoperatively, one after 
aortic root and valve replacement and one after mechanical 
mitral valve replacement for myxomatous valve degener- 
ation. Excellent visualisation was obtained in all patients 
with TOE. Aortic dissection was shown in seven patients 
(type I dissection in six, chronic type III dissection in one). 
In all seven patients the extent of the dissection, entry and 
exit points, true and false lumen, and the presence of aortic 
regurgitation or pericardial effusion, or both, were 
identified in addition to diagnostic confirmation. The TOE 
findings of aortic dissection were confirmed at surgery in 
five patients, at necropsy in one patient, and on computed 
tomography in the patient with type III dissection. In the 
four patients with inadequate results from transthoracic 
echocardiographic studies TOE allowed assessment of 
aortic root dimensions, the presence of mitral valve pro- 
lapse, and aortic regurgitation. The patient with endo- 
carditis after root replacement had an aortic root fistula 
shown on TOE, with flow identified between the layers of 
the Dacron wrap and the native aortic root. The remaining 
patient with suspected endocarditis on a mechanical mitral 
valve replacement had vegetations shown at TOE which 
had not been seen on transthoracic imaging. In both 
patients the TOE findings were confirmed at the time of 
surgery. 

TOE can provide important and rapid diagnostic infor- 
mation in patients with Marfan’s syndrome and has altered 
the approach to diagnosis and follow up in such patients. 


Biplane transoesophageal echocardiography: 
valuable new diagnostic information or simply 
more of the same? 


G R Sutherland, O F W Stümper, C Statuch, S Ikram, 
A G Fraser 

Departments of Cardiology, Western General Hospital, 
Edinburgh, and University Hospital of Wales, Cardiff 


With the introduction of a second ultrasound array scan- 
ning in the longitudinal plane, the morphological and func- 
tional information which may be obtained during a 
transoesophageal (TOE) study is potentially increased. To 
determine what, if any, new diagnostic insights might be 
obtained by this addition, we carried out a prospective 
study to compare and contrast the findings obtained by an 
initial transverse plane study with (a) information from 
a subsequent longitudinal plane study alone and (b) infor- 
mation derived by integrating both imaging planes. All 
patients had confirmation of the biplane TOE findings at 
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either catheterisation or surgical inspection, or both. Sixty 
one patients were included in the study (age range 9—78 
years). Referral diagnoses included suspected mitral pros- 
thetic dysfunction (17), mitral stenosis (four), mitral 
regurgitation (all being considered for- valve ` repair) 
(seven), acute infarct complications (four), atrial septal 
defects (nine), complex congenital heart disease (11), aortic 
coarctation (three), aortic dissection (three), and-suspected 
endocarditis (three). When the information derived from 
each plane was compared with the definitive diagnosis 
(integrated biplane T'OE and correlative catheterisation or 
operative findings, or both) complete diagnostic informa- 
tion was derived from the transverse plane alone in only 
78% of patients and from the longitudinal plane alone in 
only 65%. Clinically important new (21%) or additional 
(36%) morphological information was obtained from long 
axis scanning in 37/61 patients. Morphology better studied 
by long axis scanning included native mitral and tricuspid 
valve leaflet and subvalve-morphology (17/28); anterior and 
posterior sites of mitral paravalvar leakage (8/17); lesions of 
the apex, posterior, and anterior walls of the left ventricle 
(3/3); defects in the anteroinferior atrial septum (4/9); the 
right ventricular outflow (61/61); proximal left pulmonary 
artery (40/61); and ascending aorta (1/3). The maximal 
diagnostic value biplane TOE was obtained only when 
morphological and haemodynamic information obtained 
from both imaging planes was integrated. This gave a diag- 
nostic accuracy of 98% for biplane TOE v86% for cardiac 
catheterisation in the 39 patients who had subsequent 
detailed surgical description. 


Transoesophageal echocardiography in patients 
with focal cerebral ischaemic events: glamorous 
toy or clinically useful tool? 


M A de Belder, L Tourikis, G Leech, A J Camm 
St George's Hospital Medical School, London 


The detection rate of cardiac sources of emboli (SOE) with. 
precordial echocardiography (PE) in patients with focal 

ischaemic cerebral events is low. To investigate the role of 
transoesophageal echocardiography (TOE) 131 con- 

secutive patients with such events were studied with both 

PE and TOE contrast studies. TOE detected 18 potential 

right to left (R-to-L) shunts and two cases of valve vegeta- 

tions not detected by PE, and spontaneous contrast echos 

(SCEs) were found in 27 out of 28 patients with a large left 

atrium—three with left atrial thrombus. A clinical cardiac 

abnormality had been found in 53 patients; mitral valve 

prolapse (MVP) was confirmed in four; 25 patients with: 
chronic atrial arrhythmias had a large left atrium (24 with 

SCEs, three with left atrial thrombus); valve disease was 

confirmed in 14; and 10 had potential R-to-L shunts. 

Seventy eight patients had no clinical cardiac abnormality: 

six had MVP, 17 had potential R-to-L. shunts, and one had 

a left ventricular regional wall motion abnormality. TOE is 

thus more sensitive than PE for the detection of potential 

SOE in these patients, However, except for the detection of 

a R-to-L shunt, the yield in-patients with no clinical car- 

diac abnormality 1s low. Moreover, the abnormalities 

detected in those with overt cardiac disease merely confirm 

the clinical diagnosis. Patients with left atrial spontaneous 

contrast echos may benefit from anticoagulation but this 

requires further study. Until more data are available on this 

feature and the role of R-to-L shunts in this population, the 

role of echocardiography (precordial or transoesophageal) 

remains limited. 
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Transoesophageal versus transthoracic 
echocardiography in assessment of systemic and . 
pulmonary venous connec eae 


O Stumper, J. Hess, GR Saerdna 


Sophia Children's Hospital, Rotterdam, The : 
Netherlands 


To determine-the diagnostic accuracy of transoesophageal 
echocardiographic (TOE) and transthoracic (TTE) studies 
in the definition of either systemic or pulmonary venous 
connections, 86 unoperated children (aged 0-2-14-8 years, 


‘mean 3:8 years) with congenital heart disease were pro- 


spectively studied -by both techniques. The results 
obtained were correlated with one another, subsequent 
surgical inspection (n = 53), which served as the gold stan- 
dard, and cardiac catheterisation (n = 78). Normal sys- 
temic and pulmonary venous connections were defined by 


.TOE in 72 of the 86 patients and all were confirmed by 


surgical inspection or cardiac catheterisation, or both. Sys- 
temic venous connections could be defined by TOE in all. 
The drainage.of all four pulmonary veins could be docu- 
mented by TOE in 92% of all children studied. Nineteen 
anomalous venous connections were documented by TOE 


in 14 patients. These were confirmed in all but one child 


who awaits surgical-correction. In contrast, TOE allowed 
the definition of only eight of. these 19 anomalous venous 
connections (42%). Partial anomalous pulmonary venous 
connections were documented by TOE in six out of six 


patients, by TTE in only two.out of six. In one patient in 


whom T TE:suggested total anomalous pulmonary venous 
drainage the T'OE study defined a mixed pattern of drain- 
age, which was confirmed at surgery. Anomalies of the 
superior caval venous system were documented by T'OE in 
nine patients, whereas:these were identified in only three 
by TTE. Anomalies of the inferior caval vein (three 
patients) were equally ‘well identified by either technique. 
When compared with angiocardiography TEE provided 


additional: valuable morphological information on the 


venous connections relative to the atrial septum in complex 
congenital heart disease. None of the patients in whom 
TOE showed normal venous connections was found either 
by surgical inspection or cardiac catheterisation to have 
anomalous venous connections. 

TOE is a highly sensitive and most versatile tool in the 
preoperative definition of systemic and pulmonary venous 
connections. In this series it was largely superior to TTE 


-and of additional value to cardiac catheterisation and 


angiocardiography. 


Can intravascular ultrasonography affect the- 
outcome of vascular procedures? 


A R Essop, P J Scott, M R Rees, G J Williams 
Cardiac Department, Killingbeck Hospital, Leeds 


Recent interventional techniques demand greater oper- 


-ational feedback, beyond the limits of'conventional imag- 


ing systems.. We assessed intravascular ultrasonography 
(IVUS) in five coronary and 18 peripheral arteries (23 
patients) during varying combinations of laser and balloon 
angioplasty (PTCA, n = 21), atherectomy (n = 6), and 
endovascular stent implants (n — 8). IVUS was performed 
with a rotating 20 MHz probe. This was compared with 
angiography (all cases) and angioscopy (five cases). Dis- 
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eased v normal arteries and stents were well defined with 
IVUS in 21 out of 23 patients (two failures: one mechan- 
ical, one poor access). Wall morphology, plaque mapping 
(eccentric v concentric), and tissue characterisation was 
possible in all 21 cases. On line measurements allowed 
luminal cross sectional area, diameter, and percentage 
stenosis calculations in 20 cases. The immediate effect of 
vascular manipulations was evident in all. Successful 
PTCA was associated with significant wall disruption 
(plaque rupture, splitting of intima or media) in 12 out of 
15 cases. In atherectomies IVUS was very useful in show- 
ing the extent of debulking, wall thinning, residual disease, 
and the relative lack of wall disruption compared with 
PTCA. Likewise, IVUS showed stent deployment and 
expansion in eight out of eight cases v six out of eight with 
angiography. Online data were valuable in selecting the 
most appropriate mode of treatment and the balloon or 
stent size and in assessing the therapeutic outcome, com- 
plications, and extent of residual disease not apparent on 
angiography or angioscopy. 

IVUS itself materially affected the outcome of athe- 


-rectomies and stent procedures. Although IVUS con- 


tributed usefully to PT CA, it did not significantly alter the 
final outcome (success v failure) additional to angiography. 


Morphological assessment of pulmonary vascular 
disease by intra-arterial ultrasonography 


P J Scott, A R Essop, ] M Parsons, W Ashab, 
G J Williams 
Killingbeck Hospital, Leeds 


Intra-arterial ultrasonography allows direct and accurate 
visualisation of vessel wall morphology. To evaluate its 
potential role in pulmonary vascular disease we studied 
eight patients (age range 7-59 years) undergoing routine, 
diagnostic right and left heart catheterisation. Cardiac 
pathologies were dilated cardiomyopathy (two patients), 
ventricular septal defect (two), atrial septal defect (one), 
primary pulmonary hypertension (one), multiple pul- 
monary emboli (one), and mitral stenosis (one). Real time, 
cross sectional images of the pulmonary artery (PA) and its 
branches were obtained with a 20 MHz ultrasound trans- 
ducer rotating in a 100 cm long, 2mm in diameter sterile 
sheath which was advanced into the pulmonary artery 
under fluoroscopic guidance. Seven out of eight studies 
were successfully completed; in one patient the right heart 
was very dilated and adequate positioning of the transducer 
was not possible. Normal arterial, cross sectional mor- 
phology was seen in three patients, two with normal PA 
pressures and one whose mean PA pressure was 60% of 
mean systemic arterial pressure because of atrial septal 
defect. In three patients with systemic level PA pressures 
owing to ventricular septal defect (two) and primary pul- 
monary hypertension (one) thickening of the intimal and 
medial layers and areas of intimal proliferation were seen. 
In the patient with multiple pulmonary emboli, intra- 
vascular, mural thrombus was detected at several sites. 

Intra-arterial ultrasonography can differentiate normal 
from abnormal pulmonary arterial wall morphology in 
patients with and without pulmonary hypertension. It may 
thus become an important investigation in the diagnosis 
and assessment of pulmonary vascular disease. 
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Regression of cardiac hypertrophy achieved by 
high dose propranolol treatment in children and 
adults with hypertrophic cardiomyopathy 


I Östman-Smith . 
Cardiac Department, John Radcliffe Hospital, Oxford 


High dose oral propranolol treatment (7-18 mg/kg/day) is 
being used to treat a series of patients with hypertrophic 
cardiomyopathy. The group now comprises eight infants 
who presented with congestive heart failure and failure to 
thrive or syncope, or both; four children with progressive 
worsening of hypertrophic cardiomyopathy or severe ven- 
tricular arrhythmias, or both; and three adults with angina 
and near syncope or severe ventricular arrhythmias, or 
both. The group has been treated for a total of 68 patient 
years with no deaths; all patients are symptom free except 
the most recently recruited adult. Two infants presenting 
with severe symptomatic hypertrophic cardiomyopathy 
have remianed well over a 10 year follow up. All 15 patients 
have shown electrocardiographic and echocardiographic 
evidence of regression of pathological cardiac hypertrophy. 
Because 12 of the patients are still growing echo- 
cardiographic measurements have included not only abso- 
lute measurements of wall thickness and cavity dimensions 
but also calculation of diastolic and systolic ratios of wall 
thickness to cavity diameter. The observations were 
compared to pretreatment values in the same patient. In 
12 patients treated for at least one year the Wilcoxon 
signed rank test showed that high dose propranolol pro- 
duced a significant reduction in absolute septal thickness 
(—24%; p<0-01); diastolic septum to cavity ratio 
(—38%); p < 0-0025); posterior left ventricular wall 
hypertrophy, when present (—4495; p < 0-013); systolic 
left ventricular wall to cavity ratio (—37%; p « 0:01); 
and a reduction in ejection fraction towards the normal 
range (—1196; p « 0:013). The serum propranolol con- 
centrations required to produce regression of hypertrophy 
were 150-1360 ug/l (‘“normal” therapeutic range 
50-100 ug/l). Five patients needed the addition of diso- 
pyramide to control their arrhythmias. 

It is concluded that high dose propranolol abolishes 
symptoms and greatly improves survival in infants with 
symptomatic hypertrophic cardiomyopathy and that this 
treatment can induce regression of hypertrophy in both 
children and adults with this condition if care is taken to 
achieve a profound 24 hour f adrenoceptor blockade. 


Endothelin may be a circulating vasoconstrictor 
in chronic heart failure 


J McMurray, S G Ray, J J Morton, H J Dargie 
Department of Cardiology, Western Infirmary, Glasgow, 
and Medical Research Council Blood Pressure Unit, 
Glasgow 


Endothelins (ET) are potent long acting vasoconstrictor 
peptides. As chronic heart failure is characterised by 
reduced peripheral and renal perfusion we measured ET 
concentrations in patients with this syndrome with a pre- 
viously described assay. Ten healthy controls aged 52 (3) 
years (three women) were compared with 12 patients aged 
64 (5) years (all men) with chronic heart failure (three New 
York Heart Association class IV, eight class III, one class 
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II) treated with diuretics, digoxin, and vasodilators. The 
mean plasma ET concentration in controls was 5-9 (SEM 
0-2)pmol/l compared with 13-6 (1-0)pmol/l in patients 
(p « 0-01). Eight patients exercised on a treadmill. Plasma 
ET concentrations did not increase further with maximum 
exercise (11:4 (1:6) before exercise v 10:5 (1:6) afterwards). 
In a second study 13 patients aged 29—70 years (four men) 
with chronic heart failure were investigated at the time of 
cardiac catheterisation. Significant renal extraction of ET 
was found: the concentration of ET in the aorta was 11:1 
(0-8)pmol/l and in the renal vein 8-8 (0:6)pmol/l 
(p = 0-02). Thus ET concentrations are raised in chronic 
heart failure either from increased secretion or from 
decreased clearance. Increased secretion may occur to 
maintain arterial pressure in the face of a limited cardiac 
reserve; however, the cardiovascular stress of upright exer- 
cise did not further increase plasma concentrations. 
Reduced clearance, due to poor renal perfusion, could also 
account for the raised plasma ET concentration in heart 
failure as these results show, for the first time, that ET is 
extracted by the kidneys. 

Vasoconstriction is pathophysiologically important in 
heart failure and raised ET concentrations may contribute 
to this. 


Improved lymphocyte f receptor function and 
cardiac pumping capacity after converting 
enzyme inhibition in heart failure 


J N Townend, S J S Virk, F X Oiang, N Lawson, 

W A Littler, M K Davies 

Department of Cardiovascular Medicine, University of 
Birmingham 


Cardiac f) receptor down regulation in heart failure causes 
reduced sensitivity to f agonists. We have previously 
showed that lymphocyte f receptor (LBR) down regu- 
lation in heart failure can be partially reversed by captopril. 
We studied 12 patients with severe heart failure (New York 
Heart Association class III/IV) before and after 16 weeks 
of oral quinapril treatment to determine whether LBR up 
regulation in response to an angiotensin converting enzyme 
inhibitor 1s associated with a concomitant improvement in 
cardiac # receptor function. This was assessed by mea- 
suring invasive haemodynamic variables during bicycle 
exercise and incremental f agonist (dobutamine) infusion. 
After quinapril LBR function (in vitro isoprenaline stimu- 
lated lymphocyte cAMP production) improved 
significantly: at 15 mmol/l the cAMP concentration was 
376% of control values after quinapril v 211% before quin- 
april, p « 0-02. There were associated increases in cardiac 
index (5:8 to 4-4 l/min/m", p < 0-01), stroke volume (63 to 
75 ml, p < 0-05), and cardiac power output (1-7 to 2-0 W, 
p < 0:05) at peak exercise. Similarly, with dobutamine 
at lOug/kg/min cardiac index increased from -4'0 to 
4-61/min/m? (p < 0-05), stroke volume from 70 to 82ml 
(p < 0-01), stroke work index from 0-42 to 0-50J/m? 
(p < 0-05), and cardiac power output from 1:5 to 118 W 
(p « 0:05). 

We conclude that LBR up regulation seen in patients 
with severe heart failure in response to angiotensin con- 
verting enzyme inhibitors is associated with an improved 
cardiac response to exercise and dobutamine consistent 
with functional myocardial B receptor upregulation. 
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Dilated cardiomyopathy: high incidence of 
antimyolemmal antibody mediated cytolytic 
activity in cases of recent onset 


T H Taha, P Mazeika, Celia M Oakley, B Maisch 
Clinical Cardiology Unit, Hammersmith Hospital and 
Royal Postgraduate Medical School, London, and 
Klinikum der Philipps-University, Marburg, Germany 


Circulating antimyolemmal antibodies (AMLA) have been 
detected in about 30% of patients with chronic dilated 
cardiomyopathy but their incidence in acute cases is 
unclear. Over 24 months seven consecutive patients with 
dilated cardiomyopathy (age 44 (14)) and symptoms for 
less than six months were studied. All had a full virology 
and autoantibody screen, cardiac biopsy, and cross sec- 
tional echocardiography; fractional shortening for the 
group was 12% (4%). The presence of circulating AMLA 
was assessed in vitro with intact rat and human cardiocytes 
and the indirect immunofluorescence test. Serum cytolytic 
index for AMLA (half life of cardiocytes in patients serum 
— half life in control serum) was measured in a micro- 
cytotoxicity assay with living rat cardiocytes as target cells. 
Data were compared with that in 70 controls evaluated in 
the same laboratory (normal range 0 92 (0-07), effective 
cytolysis <0-75). Only one patient had positive viral sero- 
logy, which was for recent coxsackie B2 infection. Auto- 
antibody screening was negative in all. Light microscopy of 
biopsy samples showed non-specific appearances in two 
patients; focal myocarditis was found in one case and heal- 
ing or healed myocarditis in four cases. The cytolytic index 
for the group was 0-51 (0-05) (range 0-47-0-6, p < 0-05). 
Significant binding of IgG, IgM, or polyvalent antibodies 
to AMLA bound to rat or human cardiocytes was present 
in all seven; five patients were positive with all three 
markers, and four of these had strongly positive binding 
on at least one test. 

Circulating AMLA are commonly present in dilated 
cardiomyopathy of recent onset. Their detection might 
reflect ongoing disease activity, give insight into the immu- 
nopathogenesis, and may help identify patients likely to 
benefit from immunosuppressive treatment. 


Cardiac abnormalities associated with HIV 
infection 


A J Jacob, G R Sutherland, A G Bird, R P Brettle, 
N A Boon 

Royal Infirmary and Western General and City 
Hospitals, Edinburgh 


To determine the prevalence of cardiac abnormalities for 
the first time in a United Kingdom based population infec- 
ted with HIV 74 patients (53 male, 21 female) infected with 
HIV for between 32 and 87 months were recruited as part 
of a prospective echocardiographic study. They comprised 
the two major risk groups for HIV infection: intravenous 
drug abusers (57 patients, 36 male, 21 female; mean age 
28-9 years; mean CD4 count 205 cells/mm? (normal range 
500-1500 cells/mm?)) and homosexuals (17 patients; mean 
age 34-2 years; mean CD4 count 38 cells/mm?). Ventricu- 
lar size and function were estimated by standard cross sec- 
tional and M mode echocardiographic techniques. 
Detailed analysis was undertaken by two independent 
observers. Seven (9-594) patients (five homosexuals, two 
intravenous drug abusers) had global left ventricular 
dysfunction. Their mean CD4 count was 32 cells/mm?, 
indicating end stage disease. T'here was an excess of homo- 
sexuals in this group (29% affected v 4% of intravenous 
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drug abusers), possibly a reflection of their more advanced 
HIV disease. Left ventricular dilatation (end diastolic 
diameter >58 mm) without evidence of dysfunction was 
found in a further five (6:876) patients (mean CD4 count 
227 cells[mm?), all intravenous drug abusers. These 
abnormalities were related neither to infection with toxo- 
plasma (as judged by the toxoplasma dye test) nor to 
duration of treatment with the potentially cardiotoxic 
agent zidovudine (mean 16-3 months). Isolated right ven- 
tricular dilatation was found in seven (9:576) patients 
(mean CD4 count 153 cells/mm?) and occurred exclusively 
in intravenous drug abusers. 

In conclusion, we found a high prevalence of dilated 
cardiomyopathy in HIV infection. This occurs in both 
major risk groups and seems to be a feature of end stage 
disease. It may be preceded by left ventricular dilatation. 
Isolated enlargement of the right ventricle may be a func- 
tion of intravenous drug abuse rather than HIV infection. 


Tumour necrosis factor may contribute to 
development of “cardiac cachexia”’ 


] McMurray, I Abdullah, D Shaprio, H J Dargie 
Departments of Cardiology and Pathological 
Biochemistry, Western Infirmary, Glasgow 


A significant proportion of patients with chronic heart fail- 
ure suffer generalised wasting, which in its most extreme 
form is referred to as “‘cardiac cachexia.” Inadequate nutri- 
tional intake is not thought to be the major aetiological 
factor. Instead it 1s suggested that a catabolic state is 
brought about through the actions of a circulating factor; a 
polypeptide with such actions has been identified and 
named tumour necrosis factor (TNF). We have measured 
plasma TNF concentrations in 26 consecutive patients 
admitted for investigation or treatment, or both, of chronic 
heart failure (due to coronary artery disease in 17, valve 
disease in seven, dilated cardiomyopathy in one, and con- 
genital heart disease in one). The condition of all patients 
was New York Heart Association class III or IV and was 
treated with diuretics; most patients also received digoxin 
and an angiotensin converting enzyme inhibitor. Once 
treatment was optimised subcutaneous fat was measured 
(fat content rather than weight was measured to circum- 
vent the potential problem of residual fluid retention). 
Using calipers a single observer measured bicep, tricep, 
infrascapular, and suprailiac skinfold thickness in quad- 
ruplicate (skinfolds over the lower part of the body were 
avoided because of the possibility of dependent residual 
fluid retention). Percentage body fat content was derived 
from the sum of the mean of each of these skinfold mea- 
surements by using standard tables. Patients were prospec- 
tively grouped as “cachectic’”? (male «27976, females 
<29% body fat) or “‘not cachectic." TNF was measured in 
venous blood **blind" to group allocation with a sensitive 
radioimmunoassay. Sixteen patients (11 male) were 
cachectic (mean body fat content 21% (SD 4:8%)). Of 
these, nine had a raised (715 pg/ml) concentration of 
TNF. Mean TNF in this group was 74 (SEM 20) pg/ml. 
Ten patients were not cachectic (body fat 31% (3:3%)); 
only one had a raised TNF concentration, which was 
22 pg/ml (difference between groups, p < 0:001). TNF 
was unmeasurable ( « 15 pg/ml) in plasma from five normal 
subjects. 

TNF causes cachexia in experimental animals and cata- 
bolism in humans; it may also contribute to wasting in 
chronic heart failure. T'NF has other actions, such as pro- 
moting clotting and inducing anaemia, which may also be 
undesirable in chronic heart failure. 
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Blood flow patterns at arterial bifurcations 
depend on vasomotor tone and heart rate 


C J H Jones, M J Lever, K H Parker, F Kajiya 
Imperial College, London, and Kawasaki Medical 
School, Kawasaki, Japan 


Vasomotor regulation by endothelium derived relaxing 
factor depends on pulsatile blood flow patterns, which 
depend on arterial tone and heart rate. The effects of vaso- 
active drugs and pacing on flow were studied by 20 MHz 
Doppler velocimetry to measure velocity profiles and 
waveforms at exposed bifurcations in eight paced anaes- 
thetised dogs. A calcium antagonist, Y M-09730-5 (50 ug), 
increased the peak velocity (+25% (SD 9%), p < 0:05) 
and duration (+ 4896 (6%), p < 0-05) of forward flow and 
reduced peak reverse flow velocity (—17% (5%), 
p < 0:05). Conversely, angiotensin II (1 ug/min) reduced 
the peak velocity (~21% (5%), p < 0:05) and duration 
(—23% (4%), p < 0:05) of forward flow. Glyceryl tri- 
nitrate (150 yg/min) reduced peak forward velocity 
(—14% (4%), p<005) but prolonged both forward 
(+27% (6%), p < 0:05) and reverse flow (39% (7%), 
p < 0:05). Peak velocity and duration of forward and 
reverse flow were all greater when the dogs were paced at 
1 Hz rather than 2 Hz (forward flow 52 (22) v 40 (16) cm/s 
and 131 (40) v 119 (28) ms; reverse flow —19 (8) v —15 
(7) cm/s and 145 (30) v 115 (25) ms; p < 0-05). Changes in 
velocity wave forms were accompanied by changes in 
velocity profiles. 

Both vasoactive drugs and heart rate changes alter 
arterial bifurcation blood flow patterns in intact animals 
and may thus alter release of endothelium derived relaxing 
factor. 


Energy wave generation by the left ventricle: 
influence of contractility and vasomotor tone 


C J H Jones, K H Parker, M Sugawara 
Imperial College, London, and Tokyo Women's Medical 
College, Tokyo, Japan 


Aortic flow is dominated by accelerating and decelerating 
waves generated by the left ventricle (LV), detectable as 
positive peaks of wave intensity, dP/dU (P, pressure and U, 
velocity) in early and late systole (compression and expan- 
sion waves respectively). As vasomotor tone and LV con- 
traction influence aortic flow differently, we calculated 
aortic dP/dU in 13 anaesthetised closed chested dogs 
before and during pharmacological inotropic (n = 6) and 
vasomotor (n = 7) manipulation. Peak LV compression 
wave intensity, causing aortic acceleration, was increased 
by dobutamine 15 ug/kg/min (mean change + 146% (SEM 
17%), p < 0-01) and decreased by propranolol 10mg 
(—59% (5%), p < 0-01). However, the compression wave 
was also dependent on vasomotor tone as its peak intensity 
was reduced by vasoconstriction with methoxamine 2 mg 
(—62% (6%), p<0-01). Peak LV expansion wave 
intensity, causing late systolic deceleration, was unaltered 
by inotropic manipulation or by vasoconstriction but was 
reduced by vasodilatation with glyceryl trinitrate 
0:02 mg/kg/min (—25% (8%), p< 0-01), due to the 
delayed arrival in the aorta of reflected waves with negative 
wave intensity. 

Thus LV compression wave amplitude indicates LV 
contractile state but depends also on vasomotor tone, being 
decreased by vasoconstriction. Late systolic aortic flow 
deceleration depends more on vasomotor tone than the 
contractile state of the LV. 
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Rapid oxidation of plasma low density lipoprotein 
fraction in coronary artery disease 


S W Davies, V K Datta, A D Timmis, R Balcon, 

C M Rice-Evans, K R Bruckdorfer 

Royal Free Hospital Medical School and London Chest 
Hospital, London 


Even under normal circumstances there are large fluxes of 
low density lipoproteins (LDL) through the intima. Evi- 
dence from animal experiments and from cell culture in 
vitro indicates that when LDL are modified by oxidation 
they are still taken up by macrophages but cannot be fur- 
ther processed; so that they become foam cells. Thus 
oxidised LDL may lead to atheroma, and the susceptibility 
of LDL to oxidation may be as important for atherogenesis 
as the absolute concentrations of LDL. We therefore 
determined whether plasma LDL is more readily 
oxidisable in patients with coronary artery disease. Venous 
blood samples were obtained from 10 patients aged-43-67 
with coronary artery disease, and from 10 controls. The 
LDL fraction was separated by density gradient centrifu- 
gation (1-019—1 063) and dialysis. During incubation with 
copper ions the rates of (a) disappearance of carotene, (5) 
appearance of conjugated dienes, and (c) appearance of 
lipid peroxides were monitored spectrophotometrically. 
LDL oxidised more rapidly in patients with coronary 
artery disease than they did in controls (p « 0:02). 

Increased oxidisability of plasma LDL may contribute 
to atheroma in patients with coronary artery disease. Prac- 
tical implications are (a) that drugs protecting LDL 
against oxidation may slow or prevent atherogenesis and 
(b) that measurements in young subjects might identify 
those at high risk of developing future coronary artery 
disease. 


Direction of ventricular activation influences 
timing of repolarisation 


P I Taggart, P M Sutton, R M John, M J Lab, 

S Horner, R H Swanton 

Department of Cardiology, Middlesex Hospital; 
Department of Physiology, University College and 
Middlesex School of Medicine; and Department of 
Physiology, Charing Cross Hospital, London 


Ventricular arrhythmias are frequently initiated by an ectopic 
focus acting as a trigger. The reason why some ventricular 
ectopic beats or even short runs of ventricular tachycardia are 
benign is unclear. One possible mechanism may be the effect 
of an alteration in the direction of activation on the timing of 
repolarisation. To assess this possible mechanism we used 
the monophasic action potential (MAP) as a measure of re- 
polarisation. The direction of activation was altered between 
one atrial and two ventricular sites. Atrioventricular (AV) 
sequential pacing was incorporated to minimise any possible 
effects of loss of atrial contribution to ventricular filling. 
Twelve patients (10 men; aged 50—66 years) were studied. 
Four catheter electrodes were positioned: (a) MAP on left 
ventricular lateral wall, (6) MAP on right ventricular septum, 
(c) pacing electrode in right ventricular apex, (d) pacing elec- 
trode in atrial appendage. Steady state atrial pacing was 
established and the pacing site sequentially switched in turn 
from atrium to ventricle to atrium to AV sequential to atrium. 
'The positions of the right ventricular MAP catheter and right 
ventricular pacing electrode were interchanged and the 
sequence repeated. Peak systolic pressure changes (mean 
(SD) during switching between the different pacing modes 
were as follows: atrial to ventricular 134 (SD 9) to 100 
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(5) mm Hg (p < 0-001) anid.atrial to -AV sequential 152 (20) 
to 144 (16) mm Hg (NS). The MAP duration altered in all 
patients, with the altered pacing sequence either lengthening 
or shortening. The mean changes in MAP duration associ- 
ated with alteration in pacing orientation between atrial to 
ventricular and atrial to AV sequential were similar, being 5-6 
(5-1)ms and 6:3 (4 5)ms respectively (NS). The MAP 
changes werc therefore primarily a function of altered direc- 
tion of activation as opposed.to pressure changes. In one 
patient with severe left ventricular dysfunction pacing from 
the apex of the right ventricle: reproducibly induced pro- 
longation of the left ventricular MAP by 40 ms with electrical 
alternans of 30 ms whereas pacing from the right ventricular 
septum failed to do so. 

These preliminary results suggest that altering the site of 
ventricular activation alters the timing of repolarisation in the 
right and left ventricles. Although. electrotonic interactions 
cannot be excluded; such findings accord with the hypothesis 
that changing the sequence of contraction of the ventricular 
fibres and thereby altering the stress or strain between neigh- 
bouring fibre groups may induce electrophysiological effects 
sufficient to generate clinically significant arrhythmias. 


Mortality ín outpatients awaiting coronary 
arteriography 


SW Davies, P I Timmins, CS Walker, A D Timmis, 
M-T Rothman, C A.Layton, R Balcon 
London Chest Hospital, London 


Facilities for coronary arteriography are limited in the 
United Kingdom, and correct selection of patients for this 
investigation is important to make best use of the resources 
available. It is equally important to consider the delays 
involved and to identify patients at high risk of cardiac 
.évents who require -urgent investigation, At a cafdidc 
centre with on sité surgery the waiting list for coronary 
arteriography wis audited over a four month period. Dur- 
ing this time 934 cardiac catheterisation procedures were 
performed, including 592 coronary drteriograms for 
ischaemic heart disease (138 patierits were transferred from 
"other hospitals, 101 from Horne on the urgent waiting list, 
and 353 from home on the routine waiting list).. Out- 
patients were assigned by a consultant cardiologist to the 
urgent waiting list (delay 0—3 weeks, mean l'week) or to thé 
routine waiting list (delay 3-12 weeks, mean 4:5 weeks). 
During the four month period seven patients died at home 
while awaiting admission for arteriography. One patient 
died two weeks after entry ón to the urgent list; corre- 
sponding to 0 9% of admissions from the urgent list óver 
the four months. Six patients died 3-9 (mean 6) weeks after 
entry on to the routine list, corresponding to 1:7% of rou- 
tiné admissions. Patients who died: were aged 45—67 with 
angina grades II-IV; two were diabetic and one had mild 
heart failure. The mode of death ascertained: from the 
patient's general practitioner was sudden collapse in three 
^and death after admission to hospital with presumed 
infarction in four. An independent observer reviewing 
referral letters would have reassigned one of the six who 
died on the routine list to the urgent list. Over the past 
three years the procedural mortality from coronary arte- 
Tiography has been 0-086975. 

This audit shows a small but definite mortality among 
patients awaiting coronary arteriography which éxceeds 
the risks of the procedure itself. Furthermore, these 
patients cannot easily be identified from clinical details at 
the time of referral, suggesting that this mortality can be 
reduced only by shortening waiting lists. 
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Geriatric congenital heart disease: incidence of 
initial presentation 


P J Scott, A R Essop, G A Wharton, G ] Williams 
Non-invasive Heart Unit, Killingbeck Hospital, Leeds 


Initial presentation of congenital heart disease in elderly 
people is well recognised, but information on incidence is 


` scarce. Over the past five years 3850 patients over 65 were 
-referred to our unit for echocardiography. Nineteen 


(0-576) of these presenting for the first time with symptoms 
and signs of cardiac disease were found to have à congenital 
heart defect. Patients wete aged 65 to 87 years. The condi- 
tion of five patients was New York Heart Association 
(NYHA) class I, of four class II, of eight class III, and of 


"tw class IV. Eleven were referred because of unexplained 
` heart failure, four with a systolic murmur for clarification, 


and in four cases the condition had been correctly diag- 
nosed clinically before referral. Thirteen patients were in 
sinus rhythm and six in atrial fibrillation. Lesions detected 
were: atrial septal defect (eight cases), ventricular septal 
defect (three), ventricular septal defect plus pulmonary 
valve stenosis (one), bicuspid aortic valve (three), tetralogy 
of Fallot (two), Ebstein's anomaly of the tricuspid valve 
(one), and cor triatriatum (one). Four patients, three with 
atrial septal defect and one with a stenotic bicuspid aortic 
valve, had corrective surgery and were well at follow up 
(the disease was NYHA class II in all cases). 

A small number of patients, 0-5% of referrals to us for 
echocardiography, reach old age with previously 
undiagnosed congenital heart disease. Some lesions ate 
complex, but despite this a considerable number (nine out 
of our 19 patients) are still well (NYHA classes I and II) 
and have only clinically mild heart failure. 


RBléctrocardiogram interpretation in general 
practice i 


W A McCrea, S Saltissi 
Cardiac Department, Royal Liverpool Hospital, 
Liverpool 


In the United Kingdom medical prehospital coronary care 
is almost entirely dependent on the general practitioner 
(GP) service. There is currently much debate on the role of 
GPs in initiating thrombolysis outside hospital, thereby 
reducing the delay in providing this treatment to suitable 
patients with acute myocardial infarction (AMI). It has 
been recommended, however, that only general prac- 
titioners proficient in interpreting an electrocardiogram 
(ECG) should administer thrombolytic agents. We there- 
fore decided to assess the current ability of general prac- 
titioners to recognise acute ischaemia in an ECG. One 
hundred and fifty general practitioners in the Merseyside 
area were selected at random and, without any warning, 
were approached at clinical meetings or in surgeries and 
asked to interpret a series of six 12 lead ECGs. Details of 
age, postgraduate training, and clinical practice were also 
requested. One hundred and six doctors (mean age 45 
years) agreed to participate. Three of the six ECGs showed 
acute myocardial infarction, one was normal, and two 


‘showed non-acute ischaemic changes. Between 8% and 


30% of general practitioners accurately diagnosed acute 
myocardial infarction, 82% recognised a normal ECG, and 
between 22% and 25% correctly interpreted non-acute 
ischaemia. Neither routine use of an electrocardiograph 
nor postregistration hospital experience in general medi- 
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cine was associated with significantly greater ability to 
detect acute myocardial infarction in an ECG. 

We conclude that at present the majority of general 
practitioners are not adequately proficient in interpreting 
acute ischaemia in ECGs. 


Potential reduction in risk of sudden death by 
implantable defibrillators: economic implications 


R Hendriks, A P Rae, S M Cobbe 
Department of Medical Cardiology, Royal Infirmary, 
Glasgow 


The implantable cardioverter-defibrillator (ICD) is 
effective at preventing sudden death in patients with sus- 
tained ventricular tachycardias (VT). At present, rates of 
funding and implantation in the United Kingdom are 
severely restricted. We undertook a retrospective review of 
127 patients investigated and managed for sustained VT 
between 1984-90 to assess the potential benefits of and 
requirements for ICD implantation. Patients experiencing 
VT within 48 hours of myocardial infarction were 
excluded. Eleven patients (group 1) had no sustained VT 
inducible at baseline electrophysiological study. Eighty 
five patients had inducible VT, of whom 30 (group 2) were 
receiving drug suppression treatment; of the 55 whose VT 
was still inducible, 44 had a haemodynamically tolerated 
arrhythmia (group 3) and 11 had a poorly tolerated 
arrhythmia (group 4) despite drug treatment. Empirical 
treatment without electrophysiological study was used in 
31 (group 5). During a mean follow up of 18 months (range 
0-2-76), there were 17 sudden deaths. The incidence in 
groups 1—5 respectively was 0%, 10%, 16%, 36%, and 
10%. The number of implants required per sudden death 
prevented and the costs according to different policies were 
calculated assuming a device cost of £12000. This would 
be: inducible on treatment/poorly tolerated 11/4 (£33 000), 
all inducible on treatment (groups 3 and 4) 55/11 (£60 000), 
all inducible at electrophysiological study 86/15 (£69 000), 
and all patients with VT 127/17 (£90 000). 

Many (65%) sudden deaths could be prevented by 
implanting ICDs into groups 3 and 4, but at an initial cost 
of £660 000. 


Does programmed ventricular stimulation 
identify patients at risk of sudden death in 
survivors of acute myocardial infarction? 


T G Farrell, V Paul, D E Ward, A J Camm 
St George’s Hospital, London 


Programmed ventricular stimulation was performed in 90 
survivors of acute myocardial infarction (range 7-14 days). 
A strict stepwise protocol was used involving stimulation at 
a single right ventricular site during sinus rhythm and 
three drive cycles with up to three extra stimuli. Stimu- 
lation was terminated on the: induction of a sustained 
arrhythmia. Ten patients developed sustained mono- 
morphic ventricular tachycardia (SMVT); 24 patients 
developed polymorphic ventricular tachycardia/ 
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ventricular fibrillation (PMVT) and in 56 patients no sus- 
tained arrhythmia was induced. In 25 patients non- 
sustained ventricular tachycardia (NSVT), defined as 
greater than six beats duration but less than 30 seconds, 
was induced. Fourteen patients with NSVT progressed to 
PMVT at the same or a later stage of the protocol, but no 
patient with NSVT progressed to SMVT. During a one 
year follow up there were five sudden deaths and five 
patients re-presented with sustained ventricular tachy- 
cardia (VT). The induction of SMVT at programmed ven- 
tricular stimulation identified all five cases of VT 
(sensitivity 100%, specificity 94%, positive predictive 
accuracy 5096) but only two cases of sudden death (sensi- 
tivity 40%, specificity 91%, positive predictive accuracy 
20%). Those patients developing VT were characterised 
by poor left ventricular function and increased age com- 
pared with the patients who died suddenly. Although pro- 
grammed ventricular stimulation failed to identify sudden 
death, other markers of arrhythmic risk were present in this 
group; three out of five had a positive signal averaged 
electrocardiogram and all five had frequent ventricular 
ectopics (> 10/h). 

Programmed ventricular stimulation identifies patients 
at risk of developing late ventricular tachycardia rather 
than sudden death. PMVT is a non-specific response and 
can be avoided by terminating programmed ventricular 
stimulation if a NSVT occurs, without loss of predictive 
accuracy. 


Heart rate variability and left ventricular ejection 
fraction: comparison of predictive characteristics 
for all cause mortality, arrhythmic events, and 
sudden death after myocardial infarction 


O Odemuyiwa, M Malik, T Farrell, Y Bashir, 

J Poloniecki, A J] Camm 

Department of Cardiological Sciences, St George’s 
Hospital, London 


To refine postinfarction risk stratification we compared the 
predictive values of the heart rate variability HRV) index 
(calculated as the baseline width of the histogram of RR 
interval durations) and the ejection fraction (EF) for all 
cause mortality, arrhythmic events, and sudden death in 
385 survivors of acute myocardial infarction followed up 
for at least three months. Thirty eight (9-9%) patients died. 
‘There were 30 arrhythmic events, of which 16 were sudden 
deaths. A HRV index of < 305 ms had a sensitivity of 75% 
and a specificity of 52% for all cause mortality whereas for 
a sensitivity of 75% the EF had a specificity of 40%. A 
HRY index of <234ms had a sensitivity of 75% and a 
specificity of 76% for arrhythmic events when the EF had 
a specificity of only 45%. An EF of <40% had a sensitivity 
of 42% and a specificity of 75% for arrhythmic events; for 
a sensitivity of 42% a HRV index of 156ms had a 
specificity of 92%. To predict 75% of sudden deaths a 
HRV index of «250 ms had a specificity of 75% and the 
EF a specificity of 47%. An EF <40% had a sensitivity of 
40% and a specificity of 73% for sudden death; for a sensi- 
tivity of 40% a HRV index of < 190 ms had a specificity of 
83%. 

The HRV index seems to be a better predictor of 
important postinfarction complications than the EF. 


~ 
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Lipid adnormalities in British Asian and white 
patients and in Asian patients in India with 
coronary artery disease 


J Dhawan, C L Bray, D H Bennett, J P Miller, 
B Faragher 
Wythenshawe Hospital, Manchester 


Lipid profiles which included total cholesterol (TC), tri- 
glyceride (TGL), high density lipoprotein (HDL), apo Al, 
apo B, and lipoprotein (a) (Lp (a)) were measured in a 
consecutive series of 56 British Asian (BA) patients and 65 
randomly selected white patients. T'hese were compared 
with 47 BA controls and 57 white controls randomly 
selected from the community. Consecutive series of 28 
Asian patients in India (API) were compared with 28 ran- 
domly selected Asian controls in India (ACI). All British 
Asian subjects had migrated from the north west of the 
Indian subcontinent and subjects resident in India were 
from the same geographical area. These groups have not 
previously been compared. Statistical significance was set 
ata conventional 5% level. TC (mmol/l) concentration was 
significantly higher in patients than in controls and values 
were lowest in subjects from India (6:5 v 6-0 in white con- 
trols, 6:2 v 5 6 in BA, and 5:5 v 5-1 1n Asians in India). 
TGL concentrations were significantly higher in patients 
than in controls (1-88 v 1:29 ın white controls, 2-11 v 1 68 
in BA, and 1-92 v 1-39 in Asians in India). HDL was 
significantly lower in patients than in controls (1-09 v 1:28 
in white controls, 1:05 v 1-09 in BA, and 0:89 v 1-24 in 
Asians from India). Apo Al concentrations were similar— 
1:14 v 1:20 in white controls, 1:13 v 1:23 in BA, and 0:97 
v 110 in Asians from India. Apo B concentrations were 
significantly higher in patients than in controls (1:55 v 1-4 
in white controls, 1 42 v 1:09 in BA, and 1:34 v 12 in 
Asians from India). Lp (a) concentrations (mg/dl) were 
significantly higher in BA patients but not in white patients 
(187 v 114 and 180 v 162) and lower in API than ACI 
(151 v 170). 

We conclude that Asians (patients and controls) have 
significantly lower TC, higher TGL, lower HDL, lower 
apo Al, and higher apo B concentrations than white 
patients and controls. British Asians have significantly 
higher TC and TGL than Asians in India, probably 
signifying the effect of environment. Lp (a) concentrations 
are interesting in that they are higher in BA than whites but 
patients had lower concentrations than controls from 
India. 


Haemodynamic effects of total right ventricular 
disarticulation for ventricular tachycardia 


J € Doig, K Nimkhedkar, J P Bourke, J M McComb, 
C J Hilton, S S Furniss, R W F Campbell 

Academic Cardiology, Freeman Hospital, Newcastle 
upon Tyne 


Total right ventricular disarticulation is a radical operation 
performed to control ventricular tachycardia in patients 
with arrhythmogenic right ventricular dysplasia (ARVD). 
This analysis ams at defining the acute and chronic hae- 
modynamic impact of the operation based on five patients 
with histologically confirmed ARVD who had such surgery 
at this hospital (mean age 30 years; four male, one female). 
After surgery creatine kinase and creatine kinase MB ac- 
tivities rose to mean values of 2348IU/I and 175 U/l 
respectively. Acute right heart failure was present in three 
patients (60%) but cleared with intravenous fluids and 
inotropic treatment. Echocardiographic, nuclear, and 
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angiographic studies showed no right ventricular (RV) 
movement, but this was compensated for within the early 
postoperative period by marked paradoxical septal motion. 
RV end systolic dimensions rose by 41% (2:65 (0 33) to 
3:39 (0-42) cm) and end diastolic dimensions by 29% (3-08 
(0-37) to 4-28 (0-87) cm). Left ventricular function was pre- 
served after surgery. Catheterisation before hospital dis- 
charge showed that RV pressure waveforms were markedly 
abnormal, consistent with the conduit nature of the right 
ventricle. Postoperatively mean right atrial pressure was 
17 mm Hg. Acute renal impairment occurred in all six 
patients; it was worst on day 7 (mean urea 21:7 mmol/l, 
mean creatinine 275 umol/1) but normal by day 18 without 
recourse to dialysis. The mean duration of intensive care 
treatment was 106 hours (range 24—408) and the mean 
postoperative hospital stay was 17 days (range 11—35). All 
patients survived surgery, returned to high functional 
status without diuretic treatment, and were arrhythmia 
free at a mean postoperative follow up of 19 months (range 
2—65). 

Despite the radical nature of this operation and its acute 
haemodynamic problems, it 1s effective in arrhythmia sup- 
pression and surprisingly well tolerated in the long term. 


Effects of adenosine on monophasic action 
potential in humans 


S O Nunain, C Garratt, V Paul, Nadia Debbas, 
D Ward, A J Camm 
St George’s Hospital, London 


We assessed the effects of therapeutic doses of adenosine on 
human atrial and ventricular repolarisation in 15 patients 
(11 men; aged 18-61) undergoing diagnostic electro- 
physiological studies. The atrial monophasic action poten- 
tial (MAP) was recorded continuously during constant rate 
atrial pacing (cycle length 495-4 (70)ms). The MAP 
duration to 90% repolarisation (MAPD.,,) was measured 
at baseline after intravenous adenosine 6 mg and 12 mg. 
The ventricular MAPD} was measured in five patients 
during ventricular pacing after 12mg adenosine. After 
6 mg adenosine the atrial MAPD, shortened from 223-1 
(27-6) to 185 6 (28-3) ms (p « 0:005). After 12 mg the atrial 
MAPDS,, shortened to 168 (31:1) ms (p < 0001). After 
12mg the ventricular MAPD,, showed no significant 
change (247 (28-3) to 242 (27-3) ms). The magnitude of the 
effect on the atrium between the two doses of adenosine 
was significant (p « 0-01) as was the difference between the 
effect on the atrium and ventricle (p « 0-005). The effect 
on the atrium began at 10-7 (7 3)s and reached a maximum 
at 21:6 (7-9)s at the time of atrioventricular block or onset 
of symptoms. 

Adenosine ın therapeutic doses markedly shortens atrial 
but not ventricular MAPD 49, in a dose dependent manner. 
This may explain its tendency to provoke atr1al fibrillation. 


Skin blood flow in women with angina pectoris 
and normal coronary arteries: effects of oestrogen 
treatment 


D C Lindsay, G M C Rosano, P M Sarrel, 
P A Poole-Wilson 
National Heart and Lung Institute, London 


Many patients with chest pain and angiographically nor- 
mal coronary arteries (syndrome X) are women of perime- 
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nopausal age. Syndrome X has been shown to be associated 
with peripheral and coronary vasomotor dysfunction. Cli- 
macteric symptoms such as hot flushes and migraine are 
caused by vasomotor instability, and dyspnoea and chest 
discomfort may also occur perimenopausally. Such symp- 
toms are well controlled by hormone replacement therapy. 
In this study evidence for peripheral vasomotor dys- 
function was sought in 20 women with syndrome X and 10 
age matched female controls by measuring the cutaneous 
hyperaemic response. The finger tip blood flow (expressed 
in mV) was measured by laser Doppler velocimetry after 
the release of five minutes of arterial occlusion. T'en of the 
subjects with syndrome X were treated with two months of 
transdermal 17p-oestradiol and then retested in a similar 
manner. The patients with syndrome X had a higher base- 
line blood flow compared with controls before treatment 
(751 (372) v 318 (270) mV, p < 0:05) and a lower maximum 
to baseline flow ratio after release of the blood pressure cuff 
(0-99 v 3-8, p < 0-01). After treatment a significantly lower 
baseline (295 (230) v 751 (372)mV, p < 0-002) and a 
significant increase of maximum to baseline ratio (2:07 v 
1-06, p « 0 01) compared with pretreatment values were 
found. No significant difference in resting blood flow (295 
(230) v 318 (270) mV, NS) or ratio of hyperaemic response 
maximum to baseline (2-07 v 2-31, NS) was found between 
patients after oestrogen treatment and normal controls. 

Thus patients with syndrome X have a higher baseline 
flow and a lower maximum hyperaemic to baseline ratio 
compared with normal subjects. Oestrogen replacement 
therapy normalises peripheral blood flow in patients with 
syndrome X, and the potential beneficial effects on coro- 
nary flow and symptoms need to be evaluted. 


Acute vasodilator response of pulmonary vascular 
bed in primary pulmonary hypertension 


N G Uren, P F Ludman, T Crake, Celia M Oakley 
Clinical Cardiology. Department, Hammersmith 
Hospital, London 


To study the acute vasodilator response of the pulmonary 
vascular bed in primary pulmonary hypertension five 
patients (four women, mean age 34 years, range 21—45) 
were studied. Haemodynamic parameters were recorded at 
baseline (B) and after incrementally increasing intra- 
pulmonary infusions of acetylcholine at 3-4x 10 P to 
34x10 5 mol/min and calcitonin gene related peptide 
(CGRP) at 0-5 to2 x 10^ !! mol/min at five minute intervals 
or until a reduction in systolic systemic artery pressure of 
25 mm Hg occurred. Oral nicardipine was then given at 60 
minute intervals (dose range 100-200 mg). There was no 
significant increase in stroke volume from baseline with 
acetylcholine or CGRP (42 (SD 19) at baseline to 46 (23) ml 
with acetylcholine; 46 (23) at baseline to 50 (28) ml with 
CGRP), but nicardipine increased stroke volume from 
34 (15) to 50 (19) ml (p < 0:05). There was no significant 
reduction in systolic pulmonary artery pressure with 
acetylcholine, CGRP, or nicardipine. Total pulmonary 
vascular resistance was reduced with nicardipine from 7:4 
(4-9) to 4-3 (3-1) units (p « 0-05) but not with acetylcholine 
or CGRP. Systemic artery pressure fell from 132 (34) to 
113 (36) mm Hg (p « 0-05) with CGRP and from 134 (32) 
to 99 (26) mm Hg (p « 0-01) with nicardipine. 

Thus, despite a reversible component to the increased 
total pulmonary vascular resistance in primary pulmonary 
hypertension, infusion of acetylcholine and CGRP do not 
significantly reduce systemic pulmonary artery pressure or 
total pulmonary vascular resistance. This may be due to a 
defect in endothelial cell function. 
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New clinical index of left ventricular mechanical 
performance 


J J Stewart, I A Simpson, H H Gray, R E Smith, 
C Callicott, A J Camm 
St George’s Hospital Medical School, London 


The conversion of energy to heat by the left ventricle (LV) 
myocardium is irreversible and represents inefficiency in 
the transformation of metabolic energy into external work. 
We have developed a method for the clinical measurement 
of LV heat production and applied it in 46 patients with 
chest pain (31 men, aged 37 to 72 (mean 57) years) under- 
going cardiac catheterisation. Coronary artery disease was 
documented in 38; eight had normal coronary arteries. LV 
mechanical efficiency was calculated from measured LV 
heat production and LV energy supply (calculated from 
LV oxygen extraction). There was a close linear relation- 
ship between LV heat production and LV energy uptake 
(r = 0-92, p < 0-0005). At rest, under basal conditions, LV 
heat production for the whole group was 3-0 (1 4) W and 
mechanical efficiency was 33-19 (11:7%). LV mechanical 
efficiency in the normal group was 44-296 (9-795) com- 
pared with 30-7% (10-796) in patients with coronary dis- 
ease (p = 0-004) In 27 patients atrial pacing was 
undertaken to alter LV energetics. L'V energy supply 
increased in these patients from 4:6 (2-7) W to 5-9 (9:3 W 
(p < 0-0005), with a similar increase in LV heat production 
from 3-0 (1 6) W to 4-6 (2-4) W (p « 0:0005). As most of the 
increased energy utilisation appeared as heat rather than 
work, there was a significant fall in LV mechanical 
efficiency with pacing from 33-994 (13-599) to 18-994 
(15-296) (p < 0-0005). 

These results demonstrate that measurement of LV heat 
production is a practical means of characterising LV 
mechanical performance in the clinical setting. 


Identification of patients at risk of late postinfarct 
ventricular arrhythmias: ventricular late 
potentials, Holter monitoring, and ejection 
fraction 


E W Chew, P Morton, J G Murtagh, M E Scott, 
D B O"Keeffe 
Cardiac Unit, Belfast City Hospital, Belfast 


The two main aims of this study were to establish the 
prognostic values of ventricular late potentials (VLP), Hol- 
ter monitoring, and ejection fraction (EF) in identifying 
patients at risk of late postinfarct ventricular arrhythmias 
and to determine which filter frequency (25 Hz or 40 Hz) 
provides the better predictor of outcome. Signal averaged 
electrocardiograms for VLP, measurement of EF, and 
Holter monitoring were performed in 211 consecutive 
patients with first infarcts before discharge. Over the max- 
imum follow up period of 20 months (mean 10-8) there 
were nine sudden deaths and two patients presented with 
ventricular tachycardia. Of the 11 who had arrhythmic 
events (group 1), all 11 had VLP (40 Hz) compared with 45 
(22-59) of those without arrhythmic events (group 2). The 
figures with the 25 Hz filter were 2 (18:226) and 15 (7:596) 
respectively. Eight (72/795) patients ın group 1 and 45 
(22-59) in group 2 had couplets or salvos on Holter moni- 
toring. Five (45:594) patients in group 1 and 20 (10%) in 
group 2 had EF less than 40%. VLP (40 Hz) predicted 
arrhythmic events with a sensitivity of 100% and a 
specificity of 775%. The corresponding values for the 
25 Hz filter were 18:2% and 92-5%; for Holter monitoring 
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they were 72:7% and 77:5% and for EF 45-596 and 90%. 
Multifactor analysis identified VLP (40 Hz) and Holter 
monitoring as the only independent predictors of outcome. 
Their combination had a sensitivity of 72-7% and a 
specificity of 92:594. 

In conclusion, both VLP and Holter monitoring are 
important predictors of arrhythmic events and the 40 Hz 
filter provides the better predictor of outcome. 


Circadian variation in white blood cell 
aggregation and free radical indices in healthy 
volunteers 


A B Bridges, T C Fisher, M McLaren, N A Scott, 

J J F Belch 

Departments of Cardiology and Medicine, Ninewells 
Hospital, Dundee 


Previous studies have shown circadian rhythms in the 
onset of thrombotic events, which occur most commonly in 
the morning, and also in the fibrinolytic activity of the 
blood, which has a peak in the evening and a trough in the 
morning. There has recently been increasing interest in the 
role of white cells and free radicals in thrombosis. No one 
has yet investigated the potential circadian variation of 
white cell aggregation and free radicals in humans. We 
studied the circadian rhythm of white cell aggregation and 
free radical status in 10 healthy male volunteers. Six blood 
samples were collected at four hourly intervals from 12 
midday until 8 am the following morning. The volunteers 
carried out normal daily activities until 12 midnight, when 
they went to bed, where they remained until 8am. The 
following were measured in each sample: white cell aggre- 
gation; malonyldialdehyde concentration, which is a 
product of lipid peroxidation by free radicals; free 
radical scavengers; plasma thiols (PSH); red cell lysate 
thiols (LSH); glutathione (GSH) and superoxide 
dismutase (SOD) activities, which are all altered in the 
presence of free radical activity. The following parameters 
showed significant circadian rhythms: white cell aggre- 
gation (p < 0-001), malonyldialdehyde (p < 0-015), PSH 
(p < 0-001), LSH (p < 0 002). White cell aggregation was 
lowest at 9am and highest at midnight to 4am. 
Malonyldialdehyde and PSH both had a peak at 4pm and 
a trough at 4 am. LSH had a peak at 12 noon and a trough 
at 8 am. 

As the behaviour of white cells and free radical state 
influence the flow properties of blood, a circadian rhythm 
in white cell function and free radical state may contribute 
to the time of onset of thrombotic diseases. Moreover, with 
many studies being currently undertaken in this subject, 
our work indicates the need to standardise sample times. 


Effects of captopril and of isosorbide mononitrate 
on ventricular arrhythmias during acute phase of 
myocardial infarction: randomised trial 


A Pipilis, M Flather, R Collins, Clare Foster, P Sleight 
Cardiac Department, John Radcliffe Hospital, Oxford 


To assess the effects of oral vasodilator treatment on ven- 
tricular arrhythmias during the early phase of myocardial 
infarction 76 patients (mean age 61 (9) years) were random- 
ised at a mean of 12 hours from the onset of pain to cap- 
topril (12:5 mg three times a day after a 6-25 mg test dose; 
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n = 27) or isosorbide mononitrate (ISMN; 20mg three 
times a day; n — 23) or placebo (n — 26). The clinical char- 
acteristics of the three groups were closely matched and 
95% of the patients received thrombolysis. All patients had 
48 hours of Holter monitoring starting at the time of ran- 
domisation. For each patient the number of ventricular 
ectopics (VE) per hour, multiplets per hour, and episodes 
of ventricular tachycardia (VT) were calculated for the 
whole 48 hour period. VE and multiplets per hour were 
logarithmically transformed to obtain normal distribu- 
tions. T'he mean log VE per hour for the placebo, captopril, 
and ISMN groups were respectively 1:13 (SEM 0:18), 0-74 
(0-14), and 0-49 (0-12) (p — 0-005 for ISMN v placebo, all 
other comparisons NS). A similar trend was seen for log 
multiplets per hour: 0-03 (0-16), —0-39 (0-14), and —0 59 
(0-09) (p = 0:005 for ISMN v placebo). The frequency of 
episodes of VT in the active treatment groups was not 
significantly less than that in the placebo group: 5-5 (1:8) 
for placebo, 3-0 (0-9) for captopril, and 2:1 (0-7) for ISMN. 
During the first six hours after randomisation 42% of the 
placebo, 15% of the captopril, and 9% of the ISMN 
groups had at least one episode of idioventricular rhythm 
(p < 0:05 for captopril v placebo and p < 001 for ISMN 
v placebo). 

In summary, these data suggest that ISMN and perhaps 
to a lesser degree captopril reduce the incidence of ven- 
tricular arrhythmias in the acute phase of myocardial 
infarction. Further study on far larger numbers is required 
to determine whether these effects are translated into 
reductions in serious arrhythmias, such as ventricular 
fibrillation, and death. 


Autonomic nerve dysfunction in patients with 
silent myocardial ischaemia 


C F Shakespeare, A Crowther, I C Cooper, 

M M Webb-Peploe 

Department of Cardiology, St Thomas’s Hospital, 
London 


Anginal pain is thought to be mediated via cardiac sym- 
pathetic afferent nerves. The aim of this study was to exam- 
ine whether patients with silent myocardial ischaemia have 
evidence of autonomic dysfunction. Forty two male 
patients with angiographic evidence of coronary artery dis- 
ease and demonstrable ischaemia on 24 hour Holter moni- 
toring with a Reynolds solid state recorder were selected. 
Patients were assigned to group 1 (n = 21) if they had only 
silent ischaemic episodes and to group 2 (n = 21) if there 
were any symptomatic ischaemic episodes. Both groups 
underwent autonomic testing using the Valsalva manoeu- 
vre, isometric hand grip, lower body negative pressure, and 
cold pressor tests. Measurements of heart rate; plethys- 
mographic forearm blood flow (FBF) and vascular 
resistance (FVR); and systolic, diastolic, and mean arterial 
pressure were made during the latter three tests. In both 
groups there was no significant difference in mean age or 
presence of systemic hypertension. During the isometric 
hand grip there was a significant difference between the 
groups in the increase in FBF (83-296 in group 1,48 5% in 
group 2; p < 0:03) and reduction in FVR (35% in group 1, 
20-4% in group 2; p = 0-02). Mean arterial pressure rose 
by a mean of 10mm Hg in both groups. Between the first 
and second minute of grip, when FBF is expected to fall 
and FVR increase, FBF and FVR in group 1 remained 
unchanged but in group 2 FBF increased by 135% 
(p « 0:02) and FVR fell by 10-495 (p < 0-01). The Valsalva 
RR interval ratios and lower body negative pressure test 
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parameters did not differ between the two groups, sug- 
gesting no difference in parasympathetic function. There 
was no difference between the two groups in the para- 
meters measured during the cold pressor test. 

These data suggest that there are differences in 
autonomic function in patients with pure silent ischaemia 
compared with those with symptomatic ischaemia. 


Thrombolytic treatment for acute infarction: 
more good news 


J P Bourke, A A Young, D AB Richards, J B Uther 
Academic Cardiology, Freeman Hospital, Newcastle 
upon Tyne, and Cardiology Unit, Westmead Hospital, 
Sydney, Australia 


The aim of this study was to determine whether treatment 
with intravenous streptokinase with or without oral aspirin 
during infarct evolution reduces the incidence of inducible 
ventricular tachycardia at electrophysiological study. Of 
159 patients randomised to the multicentre, placebo con- 
trolled ISIS-2 study of streptokinase and aspirin in myo- 
cardial infarction, 87 underwent electrophysiological study 
6—28 days later for prognostic reasons to determine their 
risk of late spontaneous ventricular tachycardia. Random- 
isation resulted in four clinically simular patient groups 
(streptokinase 20; aspirin 25; streptokinase and aspirin 21; 
both placebo 21). With an electrophysiological study pro- 
tocol with <4 extrastimuli only the induction of ventricu- 
lar tachycardia of cycle length 2230ms for >10s was 
considered abnormal. Antiarrhythmic drug treatment was 
not routinely prescribed regardless of the result of electro- 
physiological study. Ventricular tachycardia was induced 
in eight out of 46 patients treated with placebo strep- 
tokinase v none out of 41 treated with active streptokinase 
(p «:0:005) and in four out of 41 patients treated with 
placebo aspirin v four out of 46 treated with active aspirin 
(NS). During mean follow up of 39 (9) months no patient 
treated with active streptokinase had spontaneous ventri- 
cular tachycardia compared with three treated with 
placebo streptokinase (p — 0-13). 

Streptokinase treatment during acute myocardial 
infarction markedly reduces the incidence of inducible 
ventricular tachycardia ın infarct survivors. Aspirin has no 
such effect. 


White cell aggregation in coronary disease 


Ann C Tweddel, W Martin, Jill Belch, D J Wheatley, 
I Hutton 

Department of Medical Cardiology, Royal Infirmary, 
Glasgow, and Department of Medicine, Ninewells 
Hospital, Dundee 


White cell activation has been implicated in acute 
myocardial ischaemia, and this may be reflected in 
increased white cell aggregation. This ability of white cells 
to aggregate in response to formyl-methionyl-leucyl- 
phenylalanine can be compared with a standard, allowing 
percentage aggregation to be measured in whole blood. In 
98 patients with established coronary artery disease and 24 
normal subjects there were no significant differences in 
random samples. (Normals 43-7% (10-695) and patients 
47-994 (12 3%). Aspirin (46-7 (12-1), n = 60), B receptor 
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blockers (473 (13-3), n = 54), nitrates (45:8 (12:9), 
n — 60), and calcium channel blockers seemed not to affect 
aggregation (47-1 (12:7), n= 67). In 25 patients with 
angiographically established coronary artery disease, 
aggregation increased significantly with symptom limited 
maximal exercise (53:0 (9-6) to 58-6 (8-3) at peak, p « 0-01) 
and had returned towards baseline at 10 minutes after exer- 
cise. In patients with chest pain (n = 9) as the limiting 
symptom aggregation increased significantly by 19% com- 
pared with 8% in patients limited by breathlessness or leg 
fatigue. 

These results suggest white cell aggregation may be 
induced in response to cardiac ischaemic pain and that this 
may be relevant in patients with acute ischaemic syn- 
dromes. 


Cardiac structure and function in postmenopausal 
women: effects of long term oestrogen 
replacement therapy 


D J Walsh, J M McLenachan, Esther Henderson, 
Eileen Lundmark, D McKay-Hart, H J Dargie 
Department of Cardiology, Western Infirmary, Glasgow 


Anxiety concerning possible deleterious cardiovascular 
effects of long term oestrogen therapy has been replaced by 
recent reports suggesting a potential cardioprotective role 
for hormone replacement therapy. There are, however, few 
studies documenting the long term effects of hormone 
replacement therapy on cardiac structure and function. As 
part of a randomised single blind study 49 women who had 
been taking either oestrogen treatment (n — 26) or match- 
ing placebo (n — 23) for at least 10 years underwent 
non-invasive cardiovascular assessment including echo- 
cardiography and exercise testing. The two groups were 
matched at baseline for age, arterial pressure, and body 
mass index. After treatment for 12-21 years bone mineral 
density was, as expected, significantly higher in the 
oestrogen treated group than in the controls (114:2 (3:5) v 
88-9 (2-9), p « 0-0001). On echocardiography left ventric- 
ular end systolic dimension was significantly lower in the 
active treatment group than in the placebo group 
(26-2 (0 9) v 29-9 (1 5) mm, p < 0-05) and fractional short- 
ening significantly greater (37:6% (1-899) v 31:7% (2-39), 
p«005) Left ventricular mass was slightly, but not 
significantly, lower in the oestrogen treated group (195 (9) 
v 213 (15) g, NS). Blood pressures were similar in the two 
groups. During treadmill exercise testing there were no 
differences between the two groups in terms of exercise 
time, development of chest pain, and maximum ST seg- 
ment depression. 

Thus long term oestrogen treatment does not seem to be 
associated with adverse cardiovascular adaptations and 
may have beneficial effects on cardiac structure and func- 
tion. 


Hyperinsulinaemic response in chronic heart 
failure is significantly improved by captopril 


R A Wright, A D Flapan, K G M M Alberti, 

R A Riemersma, K A A Fox 

University of Edinburgh, Edinburgh, and University of 
Newcastle upon Tyne, Newcastle upon T'yne 


We have shown that patients with chronic heart failure 
show a markedly hyperinsulinaemic response to a 75 g oral 
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glucose tolerance test. Captopril has been shown to 
improve insulin sensitivity in patients with hypertension. 
We present the first report of the effect of angiotensin 
converting enzyme inhibition with captopril on hyper- 
insulinaemia in chronic heart failure. Twenty three non- 
diabetic patients (18 men, mean age 60 years) with chronic 
heart failure (New York Heart Association class III) were 
studied. At baseline all were taking frusemide (40 mg, 
n= 12; 80mg, n= 11) and the dose was not changed. 
Mean ejection fraction was 20% (range 10-36%) and mean 
body mass index 25:5 (SEM 0-7) kg/m". A 75 g oral glucose 
tolerance test was performed before and four weeks after 
the introduction of captopril 75 mg daily. Blood samples 
were taken.at O, 30, 60, 90, and 120 minutes for mea- 
surement of plasma concentrations of glucose, insulin, and 
non-esterified fatty acids (NEFA). Fasting values of 
plasma glucose, insulin, and NEFA were unchanged 
between baseline and after four weeks of treatment with 
captopril. Plasma insulin concentration fell from 
94(11)mU/I 120 minutes after glucose in the baseline 
study to 67 (8) mU/l after the introduction of captopril 
(p < 0-01). There was no significant change in plasma 
concentrations of glucose (7-4 (0 7) v 6-9 (0-45) mmol/L) or 
NEFA (62 (12) v 91 (34) umol/D) at 120 minutes. 

Captopril significantly decreases the late hyper- 
insulinaemic response to an oral glucose load in patients 
with chronic heart failure. This effect of captopril is not 
mediated by a reduction in circulating concentrations of 
NEFA. Hyperinsulinaemia is associated with sodium 
retention and impaired muscle metabolism and a reduction 
in insulin concentrations may correspond to an improve- 
ment 1n clinical wellbeing. 


Controlled trial of magnesium supplementation in 
congestive heart failure: effects on electrolytes, 
arrhythmias, haemodynamics, and sympathetic 
activity 


Y Bashir, J F Sneddon, Ann Staunton, W J McKenna, 
D E Ward, A J Camm 
St George’s Hospital Medical School, London 


Magnesium depletion is often present in congestive heart 
failure and may exacerbate hypokalaemia, arrhythmias, 
peripheral vasoconstriction, and neurosympathetic activa- 
tion. The effects of magnesium supplementation were 
investigated by a randomised double blind crossover trial 
in 12 patients with chronic congestive heart failure (New 
York Heart Association classes II-IV) and frequent 
(>500/24h) ventricular ectopic activity who were all 
taking long term loop diuretic treatment. Subjects alter- 
nately received enteric coated magnesium chloride 
(MgCl; (magnesium 17mmol/day) or placebo for six 
weeks. Treatment was well tolerated, but one patient with- 
drew because of dyspeptic symptoms. Compared with 
placebo, MgCl, increased urinary magnesium excretion 
from 2 93(1-26) to 4-77 (2 01) mmol/24 h (p < 0-01), but 
there was no significant rise 1n serum concentrations of 
magnesium (088(0.08) v 0-.92(0.060 mmol; NS) or 
potassium (3 9(0:4) v 4-1(0:2)mmol; NS). MgCl, pro- 
duced significant suppression of asymptomatic ventricular 
arrhythmias: mean (range) ventricular ectopic frequency 
was reduced from 4537(654-14573) to 23630 
(184-10 964)/24 h (p = 0-05), couplets from 261 (5-1572) 
to 160 (1-1038)/24 h (p « 0:02), and episodes of ventricular 
tachycardia from 57 (0-378) to 17 (0—121)/24 h (p < 0-05). 
‘There was no difference between placebo or MgCl, with 
regard to mean arterial pressure (91 (10) v 88(9)mm Hg; 
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NS), cardiac index (2:31 (0:47) v 2-20 (0:46) l/min/m^; NS) 
and systemic vascular resistance (1635(541) v 1656 
(510) dynes xs/cm?; NS), and there was no change in 
plasma concentrations of noradrenaline (546(136) v 592 
(220)pg/ml; NS) and adrenaline (605(732) v 203 
(113) pg/ml; NS). 

In conclusion, magnesrum supplementation resulted in 
suppression of ventricular ectopic activity, particularly 
repetitive forms, but did not improve haemodynamics or 
neurosympathetic indices. 


Aortic balloon pumping in cardiogenic shock: 
effects on cardiac output, renal blood flow, and 
renal oxygen consumption 


G A Haywood, J T Stewart, P J Counihan, 

J F Sneddon, D Tighe, E D Bennett, J R Pepper, 
W J McKenna 

Cardiac Department, St George’s Hospital, London 


The effect of aortic balloon pumping on renal perfusion 
during cardiogenic shock has not been reported ın humans. 
We have developed and validated a portable continuous 
thermodilution method for direct measurement of renal 
blood flow that allows rapidly repeatable measurements to 
be taken. In vitro blood flow was measured against known 
flow rates in a cardiopulmonary bypass circuit with 
excellent correlation (R = 0:99) over the full range of renal 
blood flows normally encountered in humans (95-1024 
ml/min, mean difference 39 (64) ml/min, maximum error 
observed 13%). In vivo left renal blood flow was measured 
serially in nine pigs by simultaneous renal vein thermo- 
dilution and renal artery electromagnetic flow probe before 
and after induction of shock (difference between methods 
23 (40) ml/min, R = 0-92). Cardiac output, mean arterial 
blood pressure, left renal blood flow, and left renal oxygen 
uptake were measured in seven patients in cardiogenic 
shock (cardiac index «2-5, mean 1-7(0 4) with aortic 
balloon pumps in situ. Cardiac output was 3 4(0 8) l/min 
during 1:1 aortic balloon pumping and 3 0(0-9)l/min 
measured after the balloon had been switched to standby 
for 15 minutes (p « 0-02). However, there was no signi- 
ficant difference in mean arterial blood pressure 
(70 (6) mm Hg in 1:1 v 69(13) in standby), left renal blood 
flow (210 (124) ml/min in 1:1 v 197 (127) in standby), or 
left renal oxygen uptake (5-0 (3) ml/min in 1:1 v 5:0(2) in 
standby). 

The renal vein continuous thermodilution technique 
permits rapid, direct measurement of renal blood flow in 
patients with cardiogenic shock and is of potential value in 
guiding treatment directed at increasing renal perfusion. 
Despite achieving a small but significant increase in cardiac 
output aortic balloon pumping did not increase renal per- 
fusion or oxygen consumption in this group of patients 
with renal hypoperfusion and low cardiac output. 


Detection of myocardial perfusion by intravenous 
contrast digital radiofrequency echocardiography 


M J Monaghan, Jennie Metcalfe, S O Odunlami, 

S D Thomas, A Waaler, D E Jewitt 

King's College Hospital, London, and Nycomed AS, 
Oslo, Norway 


Conventional contrast echocardiography techniques have 
proved inadequate for the detection of myocardial per- 
fusion with the new intravenously injected echo- 
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cardiography contrast agents because of the limitations and 
relative insensitivity of standard echocardiographic equip- 
ment. To avoid these problems we have used a modified 
phased array ultrasound scanner and an on line computer 
system to obtain pure digital radiofrequency ultrasound 
(DRE) data (derived from the transducer preamplifiers) 
from the left ventricle and myocardium during intravenous 
contrast myocardial perfusion echocardiographic studies. 
In 10 patients after coronary arteriography intravenous 
injections of the echocardiography contrast agent Albunex 
(sonicated human serum albumin) in two doses of 0-08 and 
0-22 ml/kg were given during DRF echocardiography. The 
DRF data were successfully obtained and analysed in seven 
patients for a shift ın the frequency spectrum which could 
be caused by resonance of the Albunex contrast micro- 
bubbles in the heart—a phenomenon that has been pre- 
viously shown in vitro. The mean integrated backscatter 
(MIB, a measure of the total ultrasound energy) was also 
calculated before, during, and after Albunex injection. In 
segments where perfusion was predicted to be normal there 
was a significant increase in MIB from 0-89 to 1:93 units 
(p « 0 02) and time intensity curves could be constructed 
showing wash in and out of contrast from the myocardium. 
Peak contrast intensity in the myocardium was delayed by 
a mean of six beats from peak left ventricular intensity. In 
four segments where very poor perfusion was predicted 
MIB intensity increased by only 7% and wash out was 
prolonged. In all myocardial segments contrast micro- 
bubble resonance also caused a drop in mean frequency of 
140kHz (p< 0005) and permitted similar temporal 
analysis of myocardial perfusion. Frequency changes 
preceded intensity changes in both the left ventricle and 
myocardium by 2 3 beats and represent faster pulmonary 
transmit of smaller contrast microbubbles. 

In conclusion, this study shows for the first time that 
DRF echocardiographic analysis provides a method of 
detecting myocardial perfusion after intravenous Albunex. 


Coronary artery ultrasonography with 7:5 MHz 
transducer: comparison with histopathology 


Antoinette Kenny, Catherine Fuller, N R B Cary, 
L M Shapiro 
Papworth Hospital, Cambridge 


High frequency epicardial echocardiography (HFEE) is a 
technique that directly umages the coronary artery by epi- 
cardial placement of an ultrasound transducer. It may 
therefore provide information intraoperatively supple- 
mentary to coronary angiography. The purpose of this 
study was to assess the accuracy and reproducibility of the 
technique in locating coronary arteries, measuring dimen- 
sions, and identifying atherosclerotic lesions. Five pressure 
perfused postmortem human hearts were studied with a 
75 MHz Vingmed/Sonotron transducer and comparison 
made with histopathological examination. Twenty two 
coronary arteries were imaged, luminal diameter range 
0:9-0-5mm. There was close agreement between ultra- 
sound and pathological measurements of luminal diameter 
(r = 0:99, p < 0-0001, n = 26). Intraobserver and inter- 
observer variability measurements showed excellent 
reproducibility, the coefficient of variation being 3:95% 
and 3-894 respectively. The resolution of the transducer 
was not high enough to measure wall dimensions accu- 
rately but could readily identify diffuse wall thickening and 
calcification. HFEE was accurate in identifying athero- 
sclerotic lesions, imaging arteries distal to an occlusion, 
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locating deeply sited arteries, and identifying complete 
obliteration of an artery. 

HFEE may therefore provide valuable information 
intraoperatively. Cardiac movement and restricted access 
may pose difficulty to the in vivo use of HFEE. However, 
with video playback facihties and transducer mini- 
aturisation the intraoperative assessment of coronary 
artery disease may become a real possibility. 


Quantitation of spatial velocity characteristics in 
hypertrophic cardiomyopathy: on line digital 
analysis of colour Doppler flow map images 


I A Simpson, J F Sneddon; Gill Smith, A J Camm, 
W J McKenna 

Department of Cardiology, St, George's Hospital, 
London 


Digital computer analysis of colour Doppler flow mapping 
can provide quantitative spatial velocity information. We 
studied 14 patients with hypertrophic cardiomyopathy by 
using a Vingmed CFM750 with a 3-5 MHz transducer. 
Images were obtained in the velocity variance mode with 
low pulse repetition frequency and moderately high gain. 
On line digital data transfer was performed to an Apple 
IICi computer, with maximum outflow tract velocity esti- 
mated from the spatial change in velocity on colour flow 
mapping. T'he computer digitised data were then subjected 
to multiple alias unwrapping, yielding velocities ranging 
from 0:94—5-6 m/s which correlated well with continuous 
wave Doppler velocities (0-98-5-7 m/s, r = 0-95). The site 
of maximum velocity on colour flow mapping occurred at 
the point of maximum systolic anterior mitral valve motion 
in all patients. In five patients with significant systolic 
obstruction high levels of variance occurred in the sub- 
aortic region distal to anterior mitral motion (average pixel 
variance 35% v 2% in patients with no obstruction). One 
patient with a subaortic muscle shelf but no obstruction 
had a very small associated area of high variance but a 
normal averaged outflow tract variance value. Spatial 
acceleration (in cm/s per cm) proximal to the site of max- 
imum obstruction was quantified from the spatial change 
in velocity. The maximum rate of spatial acceleration 
occurred just proximal to systolic mitral motion and in the 
five patients with obstruction was > 240 cm/s per cm com- 
pared with « 70 cm/s per cm in the nine patients with no 
obstruction. 

Digital data analysis of colour flow map images can 
quantitate velocities, spatial acceleration, and the presence 
and extent of disturbed flow in hypertrophic cardio- 
myopathy and can provide important functional insights 
into the flow dynamics and obstructive characteristics in 
such patients. 


Myocardial infarction with complete heart block 
treated with thrombolysis 


M J D Roberts, J A Purvis, A J McNeill, T G Trouton, 
G W N Dalzell, G C Patterson, N P S Campbell, 

M M Khan, S W Webb, A A J Adgey 

Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast 


Acute myocardial infarction is complicated by complete 
heart block in 7-11% of cases, most often complicating 
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inferior myocardial infarction. Thrombolytic treatment 
has frequently been withheld from patients with complete 
heart block after myocardial infarction because of the pres- 
ence of significant hypotension and the risk of bleeding 
should temporary pacing be required. Nevertheless, suc- 
cessful coronary thrombolysis results in improvement in 
perfusion of the conduction system. We treated 21 patients 
(12 male, nine female) with thrombolysis for-acute myo- 
cardial infarction (20 inferior myocardial infarction) com- 
plicated initially by complete heart block; two patients had 
had a previous myocardial infarction. Thrombolytic treat- 
ment was started at a mean of 154 minutes after the onset 
of symptoms, and 12 patients received prehospital throm- 
bolysis. All patients had previously received intravenous 
atropine. Of the 12 who remained in complete heart block 
at the time of receiving the thrombolytic agent, 10 reverted 
to 1:1 atrioventricular conduction and one to chronic atrial 
fibrillation within two hours of treatment. Only four 
patients required temporary transvenous pacing. Coronary 
artery patency during the hospital stay was 15/19 (79%) 
and the mean global left ventricular ejection fraction was 
57% (10%) by radionuclide ventriculography. No hae- 
morrhagic complications occurred. Ventricular fibrillation 
occurred in four patients during the first 24 hours after 
myocardial infarction. Late ventricular fibrillation 
occurred in one patient during reinfarction 15 days after 
thrombolytic treatment. Only one patient with an anterior 
myocardial infarction and cardiogenic shock died. 

Thus thrombolysis for myocardial infarction compli- 
cated by complete heart block 1s a safe procedure that 
frequently results in resumption of normal conduction, 
reducing the need for pacing and improving prognosis. 


Study of force interval relations in atrial 
fibrillation in humans 


S M C Hardman 
Charing Cross Hospital, London 


Beat to beat variations in the pulse during atrial fibrillation 
have conventionally been attributed to time dependent 
changes in filling. I explored the alternative possibility that 
they are dependent on the intrinsic myocardial interval 
force relation. Left ventricular contractility (peak rate of 
rise of pressure (LVdP/dt,,,,)) and the aortic velocity in- 
tegral, which is related to stroke volume, were measured 
during cardiac catheterisation in 12 patients with atrial 
fibrillation. Within the range of intervals that determine 
the interval force relation a positive relation was found 
between preceding interval, measured from the electro- 
cardiogram (ECG), and contractility-mechanical restitu- 
tion, and an inverse relation was found between 
pre-preceding interval and contractility-postextrasystolic 
potentiation. The variations in contractility contributed 
significantly to the variations in the aortic velocity integral. 
These relations were confirmed in the patients during 
pacing protocols which introduced single extrasystoles 1nto 
steady state pacing. ECG sequences were borrowed from 
three of the patients with atrial fibrillation to drive iso- 
metrically contracting isolated guinea pig papillary muscle 
and postextrasystolic potentiation was again found. The 
maximum rate of rise of force in the isolated muscle cor- 
related well with LVdP/dt,,, 1n the patients. 
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I conclude that interval force mechanisms contribute 
significantly to the characteristic beat to beat variation of 
the pulse found in atrial fibrillation. 


Endocardial modulation of myocardial 
contraction 


A M Shah 
Department of Cardiology, University of Wales College 
of Medicine, Cardiff 


Recent experiments with isolated heart muscle prepara- 
tions have shown that endocardium can influence con- 
traction of underlying myocardium by analogy with the 
role of vascular endothelium in regulating blood vessel 
tone. Selective endocardial damage abbreviates the 
duration of contraction—a novel “inotropic”’ effect which 
differs from that of other interventions and carries patho- 
physiological implications particularly for early diastolic 
filling. This study addresses predominantly the mech- 
anisms underlying the influence of endocardium on myo- 
cardial contraction. Experiments with isolated muscle and 
a newly developed endocardial cell culture preparation 
show that endocardial cells release two humoral agents 
which have opposing effects on myocardial contraction: 
(a) an unidentified contraction prolonging factor (“‘endo- 
cardin”) and (b) a contraction abbreviating factor, which 
seems to be endothelium derived relaxing factor, is released 
both basally and in response to specific stimuli, and 
acts by raising myocardial cyclic guanosine phosphate 
concentration. 


Left ventricular energetics: heat production by 
human hearts 


J T Stewart 
St George’s Hospital Medical School, London 


Left ventricular heat production represents inefficiency in 
the transformation of metabolic energy into left ventricular 
work. Human left ventricular heat production was esti- 
mated in 64 patients (46 male, 18 female, mean age 54 2 
years) from coronary blood flow, coronary arteriovenous 
temperature difference, and the areas under thermo- 
dilution curves recorded in the aorta and coronary sinus 
after injection of cold saline into the pulmonary artery. Left 
ventricular mechanical efficiency was derived from heat 
production and the energy value of myocardial oxygen util- 
isation. Left ventricular heat production correlated well 
with substrate utilisation (r = 0-91, p < 0-0005). Under 
basal conditions heat production was 30 (15)W and 
mechanical efficiency was 30-5% (11-59). Left ventricular 
heat production was higher and mechanical efficiency 
lower in patients with cardiac diseases and transplanted 
hearts than in patients with normal hearts. In 32 patients 
atrial pacing was undertaken to alter left ventricular ener- 
getics. Left ventricular energy supply increased from 4:9 
(26)W to 63 (3:3)W (p«00005) heat production 
increased (3:3 (1-7) W to 50 (2:55W, p < 0-0005), but 
mean external power was not altered. Consequently, left 
ventricular mechanical efficiency fell from 32-8% (13-194) 
to 17:995 (14:596) (p < 0-0005). 

These experiments represent the first time that total 
energy flux has been assessed in intact human hearts. 
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Coronary vasodilator myocardial perfusion 
scintigraphy: ischaemia or redistribution? 
A controversy revisited 


R M John, P I Taggart, P M I Sutton, D C Costa, P J Ell, 
R H Swanton 

Department of Cardiology, Middlesex Hospital and 
Institute of Nuclear Medicine, University College 

and Middlesex School of Medicine, London 


Myocardial perfusion scintigraphy with coronary vaso- 
dilators is invaluable for the detection of coronary artery 
disease in patients unable to exercise. Controversy exists 
about whether the mechanism of differential radiotracer 
uptake is based on ischaemia or merely redistribution. The 
infrequent occurrence of electrocardiographic changes 
supports the latter as the principal mechanism. To appraise 
the incidence and severity of ischaemia we combined 
recordings of a more sensitive electrophysiological marker 
of localised ischaemia—namely, monophasic action poten- 
tials (MAPs)—with dipyridamole perfusion scintigraphy. 
The duration of the MAP shortens in response to 
ischaemia. After routine coronary angiography single site 
MAP recordings were obtained from the left or right ven- 
tricular endocardium, or both, in 31 patients (50 recording 
sites) during intravenous infusion of dipyridamole 
(0-015 mg/kg/min for 4 minutes). Heart rate was held con- 
stant with atrial pacing at 20% above the patient's resting 
rate. Technetium-99m methoxy-isobutyl isonitrile was 
administered four minutes after dipyridamole and single 
proton emission computed tomography imaging per- 
formed an hour later. Rest images were obtained the fol- 
lowing day (two day, two dose protocol) Based on 
perfusion characteristics and coronary anatomical data for 
the MAP recording site, recordings were grouped into 
group 1, areas with a normal perfusion pattern (n — 30); 
group 2, areas with a perfusion defect without angiographic 
collateralisation (n — 10); and group 3, areas with a per- 
fusion defect with angiographic evidence for collateral sup- 
ply (n = 10). Shortening of the MAP duration was 
apparent in 18 of the 20 recordings from areas of abnormal 
perfusion. Mean (SEM) values for alteration in MAP 
duration between control and peak effect at eight minutes 
were 276-5 (5-3) to 274 5 (5-4) ms in group 1 (NS), 289-6 
(4-7) to 278-4 (4-8) ms in group 2 (p < 0-002), and 269-6 
(5:8) to 242 (4 4) ms in group 3 (p « 0-0001). ST segment 
shift in the electrocardiogram was evident in only eight of 
the 29 patients with significant coronary stenoses; these eight 
patients had collateralised viable areas of myocardium. 
Our data povide strong evidence for myocardial ischae- 
mia being an integra] part of coronary vasodilator perfusion 
scintigraphy. Ischaemia is of greater intensity and more 
likely to be overt when myocardial viability is dependent 
on collateral circulation. The paucity of electrocardio- 
graphic changes may be due to the relative insensitivity of 
the electrocardiogram to early and localised ischaemia. 


Asymmetry of cardiac sympathetic innervation in 
patients with ventricular tachycardia in 
“clinically normal” hearts shown by iodine-123 
m-iodobenzylguanidine scanning 


J S Gill, G ] Hunter, J Gane, D E Ward, A J Camm 
Department of Cardiological Sciences, St George’s 
Hospital Medical School, London 


Autonomic influences seem to be important in the genesis 
of ventricular tachycardia (VT), and these may be particu- 
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larly important in patients in whom VT is exercise- 
induced. m-Iodobenzylguanidine (MIBG) is an analogue 
of noradrenaline which is taken up by sympathetic nerve 
terminals, allowing their visualisation. This study exam- 
ines the regional distribution of the myocardial sym- 
pathetic nerve supply in patients with VT, in “clinically 
normal" hearts, and in control subjects with iodine-123 
MIBG scanning. Thirty one patients were studied, of 
whom nine had exercise induced VT and eight VT 
unrelated to exercise; they were compared with six subjects 
with atrioventricular re-entrant tachycardia and eight 
patients with angiographically normal left ventricular 
function, normal coronary arteries, and thallium scans 
without evidence of reversible or fixed perfusion deficits. 
Single proton emission computed tomography y scanning 
was performed in patients immediately and three hours 
after intravenous injection of 170 mBq/m? MIBG. The 
delayed (three hour) left ventricular MIBG uptake data 
were processed into bull’s eye target plots with the IGE 
Star system, and symmetry of uptake was examined around 
the vertical diameter. Patients with VT had a higher pro- 
portion of asymmetrical MIBG scans (9/17 (53%)) than 
subjects in the control groups (0/14) (p < 0-01). The num- 
ber of patients with asymmetrical scans among those with 
exercise induced VT did not differ from that among those 
without exercise induced VT (6/9 v 3/8). This suggests that 
patients with VT may have relative sympathetic 
denervation of the septal portion or less commonly the 
lateral wall of the left ventricle, leading to an imbalance of 
the sympathetic supply to the myocardium and locally 
imbalanced sympathetic-parasympathetic interactions. 

Our results suggest that selective denervation of the 
human myocardium may be an important mechanism pre- 
disposing to VT in clinically normal hearts. 


Dobutamine/thallium myocardial perfusion 
tomography 


D J Pennell, S R Underwood, R H Swanton, 

J M Walker, P J Ell 

Departments of Cardiology and Nuclear Medicine, 
Middlesex Hospital, London 


Many factors may prevent a patient performing adequately 
during exercise testing. While dipyridamole induced coro- 
nary arterial dilatation serves as a good alternative during 
thalium myocardial perfusion imaging, it is difficult to 
relate abnormalities to levels of exercise achieved in every- 
day life. Other problems are its variable duration of action 
and the side effects of peripheral vasodilatation. We there- 
fore examined the use of dobutamine for the manipulation 
of myocardial oxygen demand in the assessment of coro- 
nary artery disease by thallium myocardial perfusion 
tomography. We studied 50 patients with angina and 
abnormal exercise electrocardiograms before coronary 
arteriography. Dobutamine was infused in increasing 
doses from 5-20 ug/kg/min until limited by symptoms. 
Thallium emission tomograms were acquired immediately 
after and four hours later. Forty patients had significant 
coronary artery disease, of whom 39 (97%) had abnormal 
thallium tomograms. Sensitivity was higher for left ante- 
rior descending (92%) and right coronary (91%) lesions 
than for left circumflex lesions (83%). Ten patients had 
normal coronary arteries, of whom eight had normal thal- 
lium tomograms (specificity 80%). Dobutamine increased 
the systolic blood pressure and the heart rate, with a mean 
increase of 107% in the double product at 20 ug/kg/min. 


*» 
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The tolerated dobutamine dose was significantly correlated 
with the treadmill exercise time. No important arrhyth- 
mias were seen. 

Dobutamine 1s a safe and well tolerated agent for the 
manipulation of myocardial oxygen demand. It is highly 
effective in the assessment of myocardial perfusion in 
patients with coronary artery disease. The relation between 
the achieved dose and treadmill exercise performance 
increases its value in the clinical assessment of patients with 
chest pain. 


Is an abnormal exercise ejection fraction response 
on medical treatment of prognostic significance in 
coronary artery disease? 


R Lim, Lorraine Dyke, D S Dymond 
Department of Cardiology, St Bartholomew's Hospital, 
London 


To evaluate the role of exercise first pass radionuclide ven- 
triculography (RNV) in the prognostic assessment of med- 
ically treated coronary disease 54 patients (mean age 57) 
were studied prospectively after coronary angiography. 
Ejection fraction (LVEF) was measured by RNV with the 
Scinticor system without anti-ischaemic treatment at a 
mean of 5:6 weeks after angiography; 32 patients with 
abnormal results had further RNV while receiving treat- 
ment 4-2 weeks later. At nine month follow up 10 of the 54 
patients (19%, group I) had suffered adverse events (one 
death, one myocardial infarction, one percutaneous trans- 
luminal coronary angioplasty, two coronary artery bypass 
grafting, five unstable angina) and 44 were event free 
(group II). There was no difference between groups I and 
II in age, proportion with previous myocardial infarction 
or positive exercise ECG, number of diseased vessels, or 
exercise LVEF whether without (37% v 43%) or with 
anti-ischaemic treatment (43% v 43%). Group I tended to 
show a greater fall in LVEF from rest to exercise without 
treatment (mean 8% v 3%, p = 0:05). However, with anti- 
ischaemic treatment there was a highly significant 
difference in mean LVEF response to exercise between 
groups I and II (fall of 10% v rise of 396, p = 0-0006, 95% 
confidence interval 19 to 6). 

These results suggest that a persistent abnormal exercise 
LVEF response despite medical treatment predicts an 
adverse short term outcome in medically treated coronary 
disease and may improve patient selection for prognostic 
revascularisation. 


Comparison of same day and separate day 
injection protocols for myocardial perfusion 
single proton emission computed tomography 
with technetium-99m methoxy-isobutyl isonitrile 


J J Murphy, D R Whallev, M Frier, M L Waste, 
R G Wilcox 
Department of Medicine, University Hospital, Nottingham 


Although thallium-201 remains the most common radio- 
tracer for myocardial perfusion scintigraphy, it is not an 
ideal agent and in recent years interest has focused on 
technetium-99m labelled compounds, notably 99"Tc 
methoxy-isobutyl isonitrile (MIBI). Unlike thallium-201, 
39m'T'ce MIBI undergoes minimal myocardial redistribution 
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so two injections (rest and exercise) are required, the 
optimum timing and activities of which have yet to be 
established. To clarify this problem one of three dose 
administration protocols for ??"Tc MIBI was randomly 
allocated to each of 45 consecutive patients undergoing 
investigation for chest pain. The three regimens were 
300 MBq at rest and 500 MBq 24 hours later on exercise 
(scheme A); 200 MBq at rest followed by 1000 MBq one 
and a half hours later on exercise (scheme B); 200 MBq at 
rest and 600 MBq one and a half hours later on exercise 
(scheme C). According to symptoms and the results of 
exercise testing and coronary angiography, patients were 
allocated by a single observer to one of two clinical groups: 
"high probability" or “low probability" of ischaemic heart 
disease. Images obtained from ??"'T'c MIBI were reported 
blind by two experienced observers and Cohen's « statistic 
was used to measure the agreement between imaging and 
clinical diagnoses. Only for the separate day protocol was 
K significantly greater than zero at 0-78 (95% confidence 
interval 0-55 to 1:01). For scheme B x fell to 0 35 (0-12 to 
0:58) and for scheme C to 0 36 (0-13 to 0-59). 'The degree 
of agreement between clinical and imaging diagnoses was 
significantly better for the separate day than for the same 
day protocols (p « 0-003) whereas schemes B and C did not 
differ (p = 0-99). This difference was explained by 
significantly fewer false negatives with scheme A. In 
patients clinically diagnosed as having a high probability of 
ischaemia only one out of seven was normal compared with 
nine out of 15 when B and C were combined. 

This study shows that despite the incovenience to 
patients, exercise and rest mages must be performed on 
separate days if myocardial perfusion scintigraphy is per- 
formed with ??"'T'c MIBI. 


Quantitative indium-111 antimyosin antibody 
imaging for predicting age of acute myocardial 
infarction 


R Senior, S Bhattacharya, U Raval, J Leppo, A Lahiri 
Department of Cardiology, Northwick Park Hospital, 
Harrow, Middlesex 


Myocardial uptake of indium-111 antimyosin antibody 
may occur in the necrotic site for prolonged periods after 
a myocardial infarction, resulting in difficulty in dis- 
tinguishing acute from remote events. The uptake 
intensity may be related to infarct age and may allow more 
accurate interpretations of antimyosin images. We there- 
fore studied the heart-lung ratio (measured as the ratio of 
the maximum counts in the infarcted myocardium to the 
adjacent lung background) in 90 consecutive patients at 
various intervals after an acute Q wave infarction. Imaging 
was performed 24 hours after injection of indium-111 anti- 
myosin. In the infarct group 107 studies were performed 
on the 90 patients between four hours and 270 days after 
infarction. The heart-lung ratio was inversely correlated 
with the age of the infarct, with 47% of the variance being 
explained by age (p < 0 001). Sequential antimyosin mag- 
ing was performed in nine patients. The heart-lung ratios 
were (mean (SD)) 1-77 (0 25) for images between four and 
15 days, 1:54 (0 12) for images between 50 and 100 days 
(p « 0-02), and 1-42 (0-16) (p « 0-05) for images between 
125 and 270 days, confirming the inverse relation with age. 
A heart-lung ratio above 1:9 had 93% specificity and an 
82% sensitivity for acute myocardial necrosis and may be 
used to distinguish acute from remote infarction. 
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Reduced skeletal muscle protein synthesis in 
chronic heart failure 


W L Morrison, A Harley, J N A Gibson, K Smith, 

M J Rennie 

Cardiothoracic Centre, Liverpool, and Department of 
Physiology and Anatomy, University of Dundee, Dundee 


Effort intolerance, muscle weakness, and muscle wasting 
commonly occur in advanced heart failure. We have 
investigated protein synthetic rates of quadriceps muscles 
in vivo with stable isotope techniques. We studied seven 
men with left ventricular dysfunction (New York Heart 
Association class IIB; patients’ mean age 58 years (range 
46-68) and mean weight 69 kg (60-75 kg)) and compared 
the results with those from 25 control subjects (mean age 
45 years (19-82), mean weight 74kg (53-105)). L-[1-'*C] 
leucine was infused after an overnight fast over a seven 
hour period to achieve steady state plasma leucine label- 
ling, after which a percutaneous biopsy specimen was taken 
from the quadriceps muscle. Muscle protein synthesis (k,) 
was calculated by comparing !'C leucine enrichment of 
muscle with that of the plasma measured by gas chro- 
matography mass spectrometry. Muscle DNA concen- 
tration was significantly higher in the patients (3-76 
(0-55) ug/mg protein) than the controls (2-04 (0-89), 
p <001). Mean muscle protein synthesis (k,) was 0-033 
(SD 0:010)%/h in the patients compared with 0-045 
(0-015) in control subjects (p < 0:01). Muscle RNA 
activity—that is, protein synthetic rate per RNA, which 
gives an index of the efficiency of protein synthesis—was 
0-08 (0-03) ug of protein/h/ug of RNA in the patients com- 
pared with 0-018 (0-08) in control subjects (p « 0:05). 

In chronic left ventricular dysfunction, even in the 
absence of clinically overt muscle wasting, there is a sub- 
stantial depression (27%) of skeletal muscle protein 
synthesis. 


Evidence of instability of circulatory regulation in 
patients with chronic heart failure obtained from 
ambulatory pulmonary artery pressure 
recordings 


J Simon, R Gibbs, Wendy Sanderson, L D R Smith, 
Jane Sparrow, K M Fox, P A Poole-Wilson 

Royal Brompton National Heart and Lung Hospital, 
London; National Heart and Lung Institute, London; 
and IBM Scientific Centre, Winchester 


Cardiovascular reflexes that maintain circulatory homo- 
eostasis are abnormal in chronic heart failure. After severe 
insults to the circulation low frequency vasomotor waves of 
0-016 to 0-083 Hz, which represent underdamping of 
circulatory regulatory mechanisms, have been observed. 
Ambulatory pulmonary artery pressure measurement with 
a micromanometer tipped catheter was used to detect such 
oscillations in heart failure. Spontaneous, sustained low 
frequency oscillations of pulmonary artery pressure were 
Observed in eight patients (mean age 58 years, range 45 to 
67 years) with moderate to severe chronic heart failure 
(mean maximum rate of oxygen consumption 14-8 ml/kg/ 
min; mean left ventricular ejection fraction 2376) during 
pulmonary artery pressure recordings of 8-6h to 48h 
duration. These oscillations (frequency range 0-015 to 
0-035 Hz) had a distinct peak form and a lower frequency 
range than respiration (0-2 to 0-6 Hz) and heart rate 
(0-8 to 1-9 Hz). They were present from 42% to 82% of the 
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recording time, with an amplitude varying from 
undetectable to a maximum range from 5-3mm Hg to 
19-7 mm Hg. When detectable, the mean amplitude of the 
low frequency oscillations of pulmonary artery pressure 
ranged from 1:2 (SD 1 2) mm Hg to 4:3 (3:22 mm Hg. 

These vasomotor oscillations are evidence for instability 
of circulatory control in patients with chronic heart failure. 
At times this control mechanism is markedly under- 
damped. This finding of circulatory instability may have 
important implications for the treatment of heart failure 
which might be aimed at manipulating circulatory control 
parameters back into the normal range. 


Effects of infarct size and physical training on 
skeletal muscle metabolism in experimental heart 
failure in rats 


S Adamopoulos, F Brunotte, A J S Coats, J Unitt, 
D Lindsay, Bheeshma Rajagopalan, G Radda 
John Radcliffe Hospital, Oxford University, Oxford 


The influence of myocardial infarction and physical decon- 
ditioning on skeletal muscle metabolism was studied by ^ 
phosphorus-31 magnetic resonance spectroscopy (MRS) 
in female Wistar rats 12 weeks after coronary artery liga- 
tion (n = 22) or sham operation (n = 10). Infarcted rats 
were allocated randomly to either six weeks training 
(n — 11; rreadmill exercise at 15 m/min for 30 min/day, 6 
days/week) or non-training (n — 11). ?!P spectra were col- 
lected from the calf muscle during sciatic nerve stimulation 
(1 Hz) both supramaximally and submaximally to produce 
200 g tension. Enzymatic assays were performed on the 
contralateral non-stimulated leg for glutamate pyruvate 
transferase (enzyme favouring the removal of pyruvate) 
and the mitochondrial oxidative enzymes citrate synthase 
and B-hydroxyacyl coenzyme A dehydrogenase. Rats were 
divided into congestive (C) and non-congestive (NC) 
groups by lung to body weight ratio as an index of severity 
of heart failure. Changes in creatine kinase activity (CK) 
were expressed as CK/CK + inorganic phosphate and pH 
was calculated from the chemical shift of inorganic phos- 
phate (Pi). At 200g tension the C non-trained rats when 
compared with the trained C or NC sham operated or NC 
non-trained rats produced more acid (6:93 (0-03) o 7-01 
(0-01), 7 0 (0-01), 6-99 (0-01), 6-97 (0-02), p « 0 05) and 
had lower CK/CK + Pi (0-49 (0-06) v 0-67 (0-04), 0-71 
(0-02), 0-71 (0-04), and 0-72 (0-04), p < 0-01, ANOVA). At 
maximal tension the pH in C non-trained rats was 
significantly lower than that in all the other groups (6-86 
(0-04) v 6.96 (0:01), 6:96 (0-02), 6-96 (0-4), and 6:96 (0-01), 
p € 0:01, ANOVA), while the fall in CK/CK + Pi showed 
a similar trend to the 200 g data but was not significant. The 
C non-trained group had significantly lower citrate syn- 
thase activity in skeletal muscle compared with trained C or 


NC and sham groups (18:3 (0-8) v 24-9 (0-7), 23:5 (1-8), and `- 


25-9 (L:2)U]gww respectively, -p < 0001, ANOVA). 
There was a significant increase in glutamate pyruvate 
transferase activity in the training compared with non- 
training group (7-9 (0:35) v 6-5 (0:36) U/gww, p < 0-03, 
ANOVA). There were no differences in fi-hydroxyacyl 
coenzyme A dehydrogenase activity. = 
The excessive CK depletion, acidification, and the 
reduction of mitochondrial enzymes in skeletal muscle of 
chronic heart failure depend on both physical decon- 
ditioning and congestive failure; training may prevent 
these changes. 
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Recovery of impaired endothelium dependent 
vasodilatation in atherosclerotic coronary arteries 


Laura Corr, G Burnstock, P"Poole- Wilson 
Department of Anatomy, University College London 
and National Heart and Lung Institute, London 


Hypercholesterolaemia and atherosclerosis are reported to 
be associated with impaired endothelium dependent vaso- 
dilatation in coronary arteries. We used a model of human 
familial hyperlipidaemia, the Watanabe hereditable hyper- 
lipidaemic rabbit (WHHL), to examine long term changes 
in the coronary responses to endogenous vasodilators 
during the development of atherosclerosis. This genetic 
model lacks receptors for low density lipoprotein, has a 
consistently raised plasma cholesterol concentration 
(20mmol/D, and develops early coronary: atherosclerosis 
by 12 months of age. Isolated coronary ring preparations 
from 22 WHHL aged 4, 6,-and 12.months and from 19 age 
matched New Zealand white controls (NZW) were con- 
stricted with 30 mM potassium chloride; the mean tension 
generated was no different in the two groups. Responses to 
the endothelium dependent. vasodilator substance P 
(1077 M) were found to be markedly depressed in the four 
month old WHHL (2:196 (1:0%)) compared with the age 
matched NZW (48:5%-(9:9%), p < 0-001), but there were 
no significant differences in the relaxant responses to the 
smooth muscle vasodilators calcitonin gene related peptide 
(CGRP, 2-6 x 10M; 740% (3 3) in WHHL v 74-995 (4-7) 
in NZW); vasoactive intestinal polypeptide (3 x 107’ M; 
52:3% (5:9) in WHHL v 60-6% (7-1) in NZW); and nor- 
adrenaline (1074 M; 78:294 (3:4) in WHHL v 71-894 (6:1) 
in NZW). As the animals matured maximal relaxation to 
noradrenaline was unaffected while relaxation. to CGRP 
and vasoactive intestinal polypeptide declined in the 
WHHL; the changes seen in the NZW were very similar. 
In contrast, relaxation to substance P in the WHHL 
increased significantly between four and 12 months of age 
(p < 0-01) while in NZW the response to substance P 
declined significantly over the same period (p « 0-005); by 
12 months there was no difference between the two groups. 
Relaxation to ATP, which acts both directly on the smooth 
muscle and via the endothelium in this vessel, also declined 
significantly with age in the NZW (p « 0-05) but showed 
no.fall in the WHHL. 

These results show that impaired endothelium 
dependent responses in coronary arteries are capable of 
long term compensatory recovery during the development 
of atherosclerosis. 


Lack of variation in venous tone in patients with 
malignant vasovagal syncope 


A D Hargreaves, A L Muir 
Department of Medicine, Royal Infirmary, Edinburgh 


In the malignant vasovagal syndrome patients seem to 
develop low ventricular volumes that trigger vagal syn- 
cope. In this study we examined the role of the peripheral 


venous compartment in the sequestration of blood as a 


cause of abnormal ventricular filling in 31 patients with 
unexplained syncope. Using a radionuclide blood pool 
label-we measured:the percentage change in venous volume 


on prolonged head up tilting and as an index of venous tone . 


variability or responsiveness, the difference between maxi- 
mum and minimum calf blood volumes (tilted) being 
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expressed as a percentage of the mean volume. The 


.patients were divided into two groups based on their 


response to tilt: those who developed syncope or near 
syncope (n = 6) and those who had no symptoms on tilting 
(n — 25). Patients with symptoms had a greater fall in 
systolic blood pressure (65:7 (10-1) v 14:2 (2-4) mm Hg, 
p < 0-001) and a-greater increase in venous volume than 
those without symptoms (72% (7:4) e 520% (5-0), 
p = 0:05). However, venous tone variability was 
significantly less in the patients with symptoms (4-494 (0-9) 
v 141% (1-3), p= 0-001). The patients with symptoms 
were older but when compared with patients of a similar 
age they still had significantly less venous tone variability. 

In conclusion, patients with the malignant vasovagal 
syndrome have an abnormal peripheral venous compart- 
ment that does not respond to a falling central pressure, 
which may cause the progressive sequestration of blood 
that culminates in vasovagal syncope. 


Cardiovascular benefits of closure of 
arteriovenous fistulas in renal transplant recipients 


J C Doig, A Heads, C Herath, T J H Goodship, 

R Taylor, R- Wilkinson, S Hunter 

Academic Cardiology, Freeman Hospital, Newcastle 
upon Tyne "j 


After successful renal transplantation arteriovenous 
fistulas previously used for haemodialysis are redundant 
but potentially lead to high output heart failure, throm- 
bosis, and infection. The cardiovascular effects of routine 
closure of these fistulas have been inadequately explored. 
Seven patients (four male, three female; mean age 43 years) 
were studied immediately before and 3 days and 4 months 
after surgical closure of their arteriovenous fistulas (mean 
flow 1025 ml/min, range 575-1345). Exercise duration was 
assessed on Bruce protocol treadmill testing, left ventricu- 
lar dimensions by echocardiography, and cardiac output by 
Doppler ultrasonography. Exercise duration increased by 
11% at four months with respect to initial values (615 
(185)s to 682 (194) s, p = 0-012). Maximum systolic blood 


_ pressure reached at peak exercise was 7% lower at four 


months than preclosure (197 (17) to 183 (18)mm Hg, 
p=0-016) but the maximum rate-pressure product 
achieved was unchanged. Resting systolic pressure was 
lower at four months, having fallen markedly in the acute 
phase (142 (20) to 131 (19) to 140 (11) mm Hg). Recovery 
times were unaltered and there were no ischaemic symp- 
toms or electrocardiographic changes with exercise. Stroke 
distance fell by 17% acutely (29-1 (5-4) to 24-2 (6:3) cm, 
p = 0-019) and remained 14% lower at four months (24:0 
(5 5) cm). Cardiac output followed this trend (6-0 (2-0) to 
5-3 (1-8) to 5:6 (1-9) l/min) but was maintained by a com- 
pensatory increase in resting heart rate (64 (12) to 70 (14) 
(p = 0-05) to 69 (20) beats/minute). Left ventricular end 
systolic dimensions fell by 10% immediately after closure 
and remained smaller at four months (2:63 (0-39) to 2-36 
(0-38) to 2-62 (0-69) cm). Similarly, end diastolic dimen- 
sions fell by 9% acutely (4-46 (0-44) to 4-06 (0-42) to 4:38 
(0-56)cm). Interventricular septal thickness was less at 
four months than before closure (18:0 (2:3) to 17:5 
(3:5) mm). Drug treatment was constant during the study. 

Closure of arteriovenous fistulas in renal transplant 
recipients whose condition is stable is associated with a 
number of beneficial cardiovascular benefits and should be 
routinely performed in transplant recipients. 
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Structure and cellular composition of aortic 
atherosclerotic plaques undergoing ulceration 


M J Davies, N Woolf, D R Katz 
St George's Hospital Medical School and University 
College and Middlesex School of Medicine, London 


Plaque fissuring is a precursor of acute thrombosis in coro- 
nary arteries. The caps of aortic plaques undergo an iden- 
tical process of tearing leading to ulceration but the time 
course is more prolonged. Aortic plaques undergoing 
ulceration were compared with intact plaques of equivalent 
size in the same aorta. The volume composition of the 
plaque for lipid and collagen was measured as well as the 
density of macrophages and smooth muscle cells after 
identification of the cells by double immunohistochemical 
staining. Smooth muscle cells were identified by the pres- 
ence of g actin and macrophages by the presence of the 
HAM56 antigen. Aortic plaques undergoing ulceration 
(n = 24) when compared with intact plaques (n = 62) had 
a higher proportion by volume of extracellular lipid 
(54-99 (SEM 3:8) v 22:1% (2-4)). The mean macrophage 
density was increased (122-1 (13:3) v 62-2 (8-8)) and the 
mean smooth muscle count was decreased (65-2 (13-2) v 
122-1 (13-3)) in ulcerated plaques compared with intact 
plaques. The ratio of smooth muscle cells to macrophages 
exceeded 5 in intact plaques but was often less than 1 in 
ulcerated plaques. £3 

The two major factors predisposing to plaque ulceration 
are an increase in the volume of extracellular lipid and a 
decrease in the ratio of smooth muscle cells to monocytes 
in cap tissue. ub 


Impact of thrombolytic treatment on morbidity 
and mortality from acute myocardial infarction 
in clinical practice 


V Umachandran, K Ranjadayalan, A D Timmis 
Newham General Hospital, London 


Thrombolytic treatment reduces infarct mortality in 
patients selected for randomised trials but its impact on 
morbidity and mortality in clinical practice has not been 
clearly defined. We compared the outcome in 178 con- 
secutive patients admitted to our coronary care unit (CCU) 
during 1990 with 158 consecutive controls admitted during 
1986, before thrombolytic treatment was used in our unit. 
Only patients fulfilling World Health Organisation criteria 
for acute infarction were included. Data for 1990 were 
collected prospectively but, because retrospective controls 
were used, we were careful to analyse only those end points 
that could be identified unequivocally from a review of the 
patient records. Of the 178 admissions in 1990, 154 (87%) 
received thrombolytic treatment. This high treatment rate 
substantially improved morbidity and mortality compared 
with 1986, presumably because of reductions in infact size. 
Thus peak creatine kinase activity fell from 2022 (1312) to 
1432 (1290) IU/1 (p < 0-001) and with it the incidence of 
cardiogenic shock from 20% to 6% (p < 0-001). Indeed, 
reductions in all degrees of heart failure were observed, as 
reflected by take home prescriptions for diuretics, which 
fell from 42% to 22% in patients leaving hospital 
(p < 0-001). There was also a significant reduction in the 
incidence of ventricular fibrillation from 22% to 13% 
(p < 0:05). Hospital mortality in 1986 was 24% but in 1990 
fell to 11% (p < 0-005). It is noteworthy that patients who 
did not receive thrombolytic treatment in 1990 were a very 
high risk group with a mortality of 28% compared with 9% 
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in the treated group (p < 0-01). Improvements in mor- 
bidity and mortality led to reductions in the length of stay 
in the CCU from 3 1 (2:1) to 2:0 (1-4) days (p < 0:001). 

In conclusion, thrombolytic treatment has substantially 
reduced hospital mortality in acute myocardial infarction, 
though not necessarily to the very low levels reported in 
some clinical trials. It has also had a profound effect on the 
incidence of major complications, particularly cardiogenic 
shock and ventricular fibrillation. Additional benefits 
include reductions in the length of stay in the CCU and the 
need for long term diuretic treatment, both of which may 
have important resource implications. 


Can thrombolytic treatment produce beneficial 
effects in the absence of coronary recanalisation 
during acute myocardial infarction? 


S Chakrabarty, N A Flores, D J Sheridan 
Academic Cardiology Unit, St Mary’s Hospital Medical 
School, London 


Evidence suggests that the beneficial effects of throm- 
bolytic treatment cannot be explained by recanalisation of 
the occluded artery alone and that other factors may be 
involved. To investigate this we studied changes in hae- 
modynamics, incidence of arrhythmias, and infarct size in 
anaesthetised rabbits undergoing coronary artery ligation 
(CAO) with and without intravenous streptokinase 
(15000 U/kg administered 2 minutes after ligation). Re- 
perfusion was initiated by removal of the ligature and 
infarct size was measured by planimetry of nitro blue tet- 
razolium stained left ventricular transverse sections (3 mm 
thick). Hearts were studied in four groups: group I 
(n = 12) control hearts with CAO for 60 minutes and no 
reperfusion; group II (n = 12) undergoing CAO for 60 
minutes with streptokinase but no reperfusion; group III 


—. (n = 12) undergoing 30 minutes CAO and 30 minutes re- 


perfusion induced by removal of the ligature; group IV 
(n = 12) undergoing 30 minutes CAO with steptokinase 
and 30 minutes reperfusion. Treatment with streptokinase 
had no significant effect on haemodynamic changes or the 
incidence of arrhythmias between the groups. Strepto- 
kinase did, however, reduce total left ventricular infarct 
size in the non-reperfused and reperfused groups: 35% 
(group II, non-reperfused) v 45% (group I, non- 
reperfused controls) (p < 0-001), and 15% (group IV, 
streptokinase and reperfusion) v 25% (group III, reper- 
fused controls) (p < 0-01). 

These results show that streptokinase inhibits the early 
development of necrosis in the presence of a persistent 
coronary artery occlusion. 


Prediction of coronary patency: abrupt 
electrocardiographic changes versus ventricular 
late potentials 


E W Chew, P Morton, M E Scott, D B O’Keeffe 
Cardiac Unit, Belfast City Hospital, Belfast 


The two aims of this study were (a) to compare ventricular 
late potentials (VLP) and abrupt changes on 12 lead elec- 
trocardiograms in predicting patency after thrombolysis 
(group 1) and (5b) to predict patency by using VLP in the 
convalescent period in a group of patients not treated with 
thrombolysis (group 2). Coronary angiography was per- 
formed in 79 patients in group 1 and 36 in group 2. Of the 
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45 patients in group 1 with abrupt electrocardiographic 
changes, 42 (93-394) had patent infarct related arteries. Of 
the 34 who did not have these changes, 15 (44-196) had 
occluded vessels. Abrupt electrocardiographic changes 
predicted an open artery with a specificity of 83-396 and a 
sensitivity of 68-995. Of the same 79 patients, 14 had VLP. 
Twelve (85-795) had occluded vessels. Of the 65 who did 
not have VLP, 59 (90-796) had open arteries. The absence 
of VLP predicted patency with a higher sensitivity (96-194) 
but lower specificity (66-79). Of the 19 patients without 
abrupt electrocardiographic changes and open arteries, 17 
(89-575) did not have VLP. Almost all of this group would 
be correctly identified by the absence of VLP. Of the 36 
patients in group 2, all 13 with VLP had occluded vessels. 
Of the 23 who did not have VLP, 18 (78-396) had open 
arteries. The absence of VLP predicted an open artery with 
a sensitivity of 100% and a specificity of 72:29. Multi- 
variate analysis identified VLP as a more powerful 
predictor of patency (p < 0-0001) than abrupt electro- 
cardiographic changes (p = 0-016). 

In conclusion, the absence of VLP is a more accurate, 
non-invasive means of predicting patency and may be use- 
ful in identifying which patients have patent arteries and 
would benefit from further invasive investigations. 


Dynamic changes in QT dispersion during the 
early phase of acute myocardial infarction: 
relevance for ventricular fibrillation 


P D Higham, S S Furniss, J P Bourke, R W F Campbell 
Academic Cardiology, Freeman Hospital, Newcastle 


upon Tyne 


Dispersion of repolarisation is widely regarded as critical 
in producing ventricular fibrillation after myocardial 
infarction yet it has been inadequately studied during the 
acute phase in humans. In patients taking class III anti- 
arrhythmic drugs we have shown increased QT dispersion 
in those manifesting proarrhythmic effects. Increased QT 
dispersion is also a feature of the long QT syndrome, in 
which abnormalities of repolarisation are the basis of the 
associated ventricular arrhythmias. We studied the 
changes in QT dispersion in the early phase of myocardial 
infarction with patients with unstable angina as a control 
population. We studied prospectively 33 patients admitted 
with chest pain by using 12 lead electrocardiograms at 
50 mm/s and a digitiser based computer program. Patients 
with ORS prolongation or arrhythmias or taking anti- 
arrhythmic drugs were excluded. QT dispersion was 
defined as QT maximum — QT minimum, values being 
rate corrected. Sixteen patients had acute myocardial 
infarction (eight anterior, eight inferior), the mean time 
from onset of symptoms to admission being five hours. 
Thirteen patients had unstable angina and four were 
excluded (two because of cardiomyopathy, two because of 
inadequate electrocardiographic data). There was no 
difference in QT dispersion between patients with anterior 
and inferior infarcts. QT dispersion was significantly 
greater in the patients with acute infarction (mean 86 
(30) ms) compared with those with unstable angina (33 
(14) ms) (p < 0-001). QT maximum was prolonged ın those 
with infarction (430 (33)ms) compared with those with 
unstable angina (390 (27)ms) (p « 0-001) whereas QT 
minimum was unchanged (355 (31) v 357 (28) ms). In 12 
patients with acute infarction a further electrocardiogram 
was recorded within 24 hours (mean 14). QT dispersion 
diminished in 11 out of 12 patients and was unchanged in 
one (mean reduction 35 (31) ms) p < 0-01. Two patients 
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with infarcts suffered ventricular fibrillation within two 
hours ofadmission, having QT dispersions of 90 and 130 ms. 

Dynamic changes in QT dispersion occur after acute 
myocardial infarction and may reflect the electrophysio- 
logical conditions favouring early ventricular fibrillation. 


Prediction of sudden death in first year after 
myocardial infarction from autonomic tests: 
influence of age 


O Odemuyiwa, T Farrell, M Malik, Y Bashir, 

J Poloniecki, A J Camm 

Department of Cardiological Sciences, St George’s 
Hospital Medical School, London 


To refine postinfarction risk stratification we examined 
the influence of age on the prediction of sudden death after 
infarction from autonomic tests. Of 481 patients followed 
up for a mean of 790 days after acute myocardial infarction, 
60 (12-4%) died. Of the 269 young patients (aged <60 
years), 22 (8-296) died; 12 (54-694) of these deaths were 
sudden. Of the 212 older patients (aged > 60 years), 38 died 
(18%); eight (21%) of these deaths were sudden. The 
following relations were found between a heart rate vari- 
ability index of « 160 ms of the baseline width of the histo- 
gram of RR interval durations, exercise duration of «3 
minutes (EX3), ventricular ectopic frequency > 10 beats 
per hour (VE10) and sudden death in the two age groups. 
Heart rate variability index had a sensitivity of 92%, a 
specificity of 67-876, a positive predictive accuracy of 
11-7%, and a risk ratio of 21:0 in young patients 
(p < 0:001) buta sensitivity of 62 5%, specificity of 60-496, 
positive predictive accuracy of 65%, and a risk ratio of 
only 2:4 in older patients (NS). The combination of heart 
rate variability index with EX3 or VE10 in young patients 
had a sensitivity of 83%, a specificity of 90%, a positive 
predictive accuracy of 27%, and a risk ratio of 314 
(p « 0 001) but in older patients had a sensitivity of 5095, 
a specificity of 73-695, a positive predictive accuracy of 
6-7%, and a risk ratio of only 2:6 (NS). 

Sudden death accounts for a higher proportion of deaths 
and is more reliably predicted by autonomic tests in 
younger rather than older patients. Autonomic tests did 
not predict sudden death in older patients. 


Embolisation of atrioventricular node with 
microvascular collagen: new treatment for 
atrioventricular nodal tachycardia 


J F Sneddon, N J Linker, S O'Nunain, I A Simpson, 
A J Camm, D E Ward 
St George's Hospital, London 


Modification of the atrioventricular node by direct current 
or radiofrequency energy has recently been described for 
the treatment of atrioventricular nodal re-entry tachy- 
cardia without the need for permanent pacing. A trans- 
coronary approach for nodal ablation has been another new 
development. We investigated the feasibility of trans- 
coronary modification of the atrioventricular node by 
embolisation with microvascular collagen with the aim of 
producing limited nodal and perinodal damage. Three 
patients with highly symptomatic drug refractory atrio- 
ventricular nodal re-entry tachycardia underwent selective 
catheterisation of the atrioventricular nodal artery with a 
2-2F infusion catheter. Microfibrillar collagen 2 mg/ml 
(Target therapeutics ANGIOSTAT) was injected over 2 
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seconds (0:1 ml in case 3 and 0-5 ml in cases 1 and 2). All 
patients developed transient complete atrioventricular 
block. One patient (case 3) still had symptoms and sub- 
sequently underwent electrical modification. At restudy 
after eight weeks the two other patients were free of 
inducible tachycardia and had no evidence of dual atrio- 
ventricular nodal pathways. The mean AH interval 
increased from 65ms to 72ms, atrioventricular nodal 
effective refractory period from 290ms to 310ms, and 
atrioventricular nodal Wenckebach cycle length from 
240 ms to 350 ms (cases 1 and 2). There were no changes in 
any of these parameters in the remaining patient, the fail- 
ure of the procedure probably being explained by the low 
dose of collagen used. As the natural history of such lesions 
is unknown, permanent pacemakers were inserted in all 
patients. This technique may result in ablation of the slow 
conducting pathway without appreciably altering the 
properties of the fast pathway. 

Embolisation of the atrioventricular node with micro- 
vascular collagen is a new and potentially valuable tech- 
nique for modification of atrioventricular nodal function in 
patients with atrioventricular nodal re-entry tachycardia. 


Successful catheter ablation of substrate for atrial 
flutter with multiple direct current shocks 


S O’Nunain, N J Linker, J F Sneddon, Nadia Debbas, 
A J Camm, D E Ward 
St George’s Hospital, London 


Atrial flutter in humans is due to a macro re-entry circuit 
in the right atrium with an area of slow conduction pos- 
teroinferiorly near the os of the coronary sinus. We ablated 
this area of slow conduction in seven patients (seven men 
aged 50—67) with refractory atrial flutter by using low 
energy direct current shocks. This was achieved in four 
patients—three in established atrial flutter (mean duration 
17 months)—during attempted His bundle ablation. The 
ablation catheter was positioned to give a large atrial signal 
with a minimal His deflection and 3-10 shocks-were deliv- 
ered (cumulative energy 75-200]) Although complete 
atrioventricular block was achieved in three patients ini- 
tially, conduction had returned by one month. However, 
all four patients remained in sinus rhythm and free of 
arrhythmia:during follow up (8-15 months). We have now 
prospectively attempted selective ablation of the atrial 
flutter substrate in three further patients with refractory 
atrial flutter. Twelve to 15 low energy shocks (cumulative 
energy 105-235 J) were delivered directly to the'atrial wall 
at multiple sites in the triangle of Koch. At early follow up 
(3-5 months) two patients remained free of atrial flutter, 
though one developed previously undocumented atrial 
fibrillation. 

Successful catheter ablation of atrial flutter can be 
achieved by multiple low energy direct current shocks. 


Electrophysiological effects of pharmacological 
load manipulation by converting enzyme 
inhibitors and vasodilators in patients with 
impaired left ventricular function 


Y Bashir, J] F Sneddon, S O'Nunain, V E Paul, 
Sheila Gibson, D E Ward, A J Camm 
St George's Hospital Medical School, London 


There is growing interest in the contribution of 
contraction-excitation feedback to the pathogenesis of ven- 
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tricular arrhythmias 1n failing hearts. The electrophysio- 
logical effects of pharmacological load manipulation by 
captopril and a combination of hydralazine with oral 
nitrate were investigated in eight patients with left ventric- 
ular dysfunction (ejection fraction 22% (8)) and recurrent 
ventricular tachycardia inducible by programmed electrical 
stimulation. Subjects were tested (not taking antiarrhyth- 
mic drugs) on three treatment regimens in random order: 
captopril, hydralazine-nitrate, and control (no vaso- 
dilator). Captopril and hydralazine-nitrate were dose 
titrated to reduce systolic pressure by 10-20%. Pro- 
grammed electrical stimulation was performed according 
to a 12 step protocol (maximum three extrastimuli). Re- 
polarisat:on was assessed from monophasic action potential 
duration (mean of 4—6 sites) and QT interval during atrial 
pacing at a cycle length of 500 ms. Compared with control, 
hydralazine-nitrate and captopril produced similar falls in 
peak systolic pressure (19% (10) and 15% (95), although 
hydralazine-nitrate caused a bigger reduction in systemic 
vascular resistance (39% (22) v 24% (17)) and pulmonary 
capillary wedge pressure (12 (5) v 6 (3)mmHg). 
Hydralazine-nitrate produced no significant change in 
refractoriness or repolarisation compared with control. By 
contrast, captopril increased ventricular effective refrac- 
tory period from 231 (26) to 249 (23)ms (p < 0-02) and 
functional refractory period from 255 (24) to 267 (27) ms 
(p « 0:05). There was also prolongation of the QT interval 
from 351 (28) to 358 (25) ms (p « 0-05), but no correspond- 
ing change in monophasic action potential duration was 
seen. Inducibilty of ventricular tachycardia by pro- 
grammed electrical stimulation did not differ significantly 
with any regimen. 

We conclude that the prolongation of ventricular 
repolarisation and refractoriness by captopril cannot be 
explained solely on the basis of altered ventricular loading, 
given the lack of change with hydralazine-nitrate. Specific 
autonomic and cell membrane effects of converting enzyme 
inhibitors may also be involved. 


Temperature controlled radiofrequency 
atrioventricular nodal ablation 


M A James, T J MacConnell, M Papouchado, 

D Crossman, J C Pitts Crick 

Department of Cardiology, Bristol Royal Infirmary, Bristol, 
and Department of Cardiology, Hammersmith Hospital, 
London 


Problems with conventional high energy atrioventricular 
nodal ablation have led to a search for alternative means of 
performing this procedure. Radiofrequency energy is one 
of these alternatives which.has many advantages over con- 
ventional techniques, such as less discomfort and less myo- 
cardial damage. However, its major drawback is the 
difficulty in controlling catheter tip temperature, which 
can lead to tissue charring. We evaluated a new tem- 
perature controlled radiofrequency ablation system in nine 
patients (aged 26—59 years). The condition of all of them 
was refractory to previous drug treatment. Arrhythmias 
comprised paroxysmal atrial fibrillation (three), par- 
oxysmal atrial tachycardia (one), intranodal re-entry tachy- 
cardia (five). All had a satisfactory symptomatic result. In 
the four patients with atrial arrhythmias we obtained com- 
plete heart block (three) or high grade block (one) and 
performed pacemaker implantation. Selective partial 
ablation was achieved in four of the five patients with acces- 
sory nodal pathways. Sinus rhythm was maintained and no 
additional treatment was necessary. In one of these patients 
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complete heart block was produced necessitating per- 
manent pacing. In one patient there was a recurrence of 
nodal re-entry at six weeks but at a slower rate than before 
and now easily controlled by propafenone. 

This new ablation technique seems to: be successful in 
providing both complete and selective partial nodal 
ablation without significant discomfort (no patient 
required general anaesthesia) or subsequent complications 
(follow up 2-6 months). 


Surgical management of atrioventricular nodal 
re-entrant tachycardia 


N J Linker, Y Bashir, S O’Nunain, R C Saumarez, 
C J Garratt, M J Griffith, A J Camm, D E Ward, 
D J Parker 

St George’s Hospital, London 


Surgical treatment of atrioventricular nodal re-entrant 
tachycardia (AVNRT) was first described in 1985. Since 
1987 we have operated on 11 patients (mean age 39 years, 
range 21-64; eight women) with AVNRT and documented 
duel atrioventricular nodal pathways. Three patients also 
had. accessory atrioventricular connections (two left'free 
wall, one left posteroseptal), which were dealt with by 
endoéardial dissection at the time of operation, and one had 
8 coexisting atrial tachycardia.. Patients had been treated 
with a mean of five antiarrhythmic agents; one patient had 
previous electrical atrioventricular.nodal modification and 
another had had an antitachycardia pacemaker fitted. ‘The 
first two patients underwent surgical dissection .of the 
atrioventricular node and the succeeding patients had 
cryosurgical lesions of 3mm in diameter produced by 
freezing for two minutes at —60?C. These lesions were 
placed around the atrioventricular node and between the 
node and coronary sinus os during atrial pacing. If the 
atrioventricular interval increased by more than 100 ms or 
if any higher degree of atrioventricular block occurred the 
cryotherapy was immediately discontinued and the area 
irrigated with warm saline. T'he mean bypass time was 102 
minutes. Postoperatively one patient developed a left hae- 
mothorax requiring drainage and two. patients developed 
chest infections. Electrophysiological studies were per- 
formed at one week; no patient had inducible tachycardia 
and four had no retrograde conduction..During a mean 
follow up of 12 months (range 1—40) 10 out of 11 (91%) 
patients were free of AVNRT. Two patients developed 
atrial flutter and one paroxysmal atrial fibrillation and one 
patient underwent a His bundle ablation for atrial tachy- 
cardia. Complete atrioventricular block was produced at 
the time of operation in one patient and second degree 
atrioventricular block in one patient, both of whom were 
paced. 

In conclusion, surgical treatment of AVNRT offers a 
high success rate and should be recommended for suitable 
patients. 
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Low energy ablation of ventricular tachycardia 


A J Ahsan, A D Cunningham, E Rowland 
Royal Brompton National Heart and Lung Hospital, 
London 


The report of the world registry for catheter ablation con- 
cludes that catheter ablation remains a treatment of last 
resort for ventricular arrhythmias because of poor efficacy 
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(18%), a procedure mortality of 7%, and mortality at one 
month-of 24%. We describe our experience with a low 
energy system in 11 consecutive patients with drug refrac- 
tory ventricular tachycardia (VT) or poor tolerance of 
drugs.. The mean age of these patients was 46 (range 
23-75). Nine were men and two women. Four had arrhyth- 
mogenic right ventricular dysplasia, one had a normal heart 
with right ventricular outflow tract tachycardia (RVOT), 
one corrected tetralogy of Fallot, three ischaemic heart 
disease (IHD), one xenograft aortic valve replacement 
(AVR), and one fascicular tachycardia (FT). Endocardial 
activation mapping and -pace mapping localised earliest 
activation to the left ventricle in six and to the right ven- 
tricle in five. In three (two with arrhythmogenic right ven- 
tricular dysplasia, one with ischaemic heart disease) a 
suitablé-site was not found and no shocks were delivered. 
Two to 23 (mean 11) shocks of 3-30 J were delivered to the 
remaining-eight patients (in one patient over two sessions). 
The range of cumulative energy delivered was 16-411 J 
(mean 220 J). There were no acute deaths or serious side 
effects. At follow up of 4-18 months (mean 11) three 
patients (RVOT, tetralogy of Fallot, fascicular tachy- 
cardia) had successful ablation of VT and were symptom 
free and not taking drugs. Ablation was unsuccessful in two 
(ischaemic heart disease, AVR). Modification was pro- 
duced in three; two patients (ischaemic heart disease, 
arrhythmogenic right ventricular dysplasia) had no VT 
with a previously ineffective drug treatment and in one VT 
(arrhythmogenic right ventricular dysplasia) was eradi- 
cated for three months until a new configuration VT 
appeared. 

This study shows that low energy catheter ablation of 
VT is a safe technique and that in 45% of patients permit- 
ted control of VT. Success (including modification) is 
higher (80%). for ventricular tachycardias arising from the 
right ventricle than for that arising from the left (33%). 
This may be due to a more localised substrate in the right 
ventricle and more difficult catheter manipulation in the 
left ventricle. 


Intimal proliferation in organ culture of human 
internal mammary artery 


Cathy M Holt, C Clelland, Sheila E Francis, 

A C Newby, G D Angelini 

Department of Cardiac Surgery, University of Sheffield, 
Sheffield, and Department of Cardiology, University 
Hospital of Wales, Cardiff 


Arterial intimal proliferation is an early feature of athero- 
sclerosis. However, its progression in humans is difficult to 
study. We therefore attempted to develop an organ culture 
model of intimal proliferation using segments of human 
internal mammary artery (IMA). Segments of IMA were 
dissected free from adventitia, carefully opened out, and 
cultured intimal surface uppermost for 14 days at 37°C in 
RPMI 1640 containing 30% fetal calf serum. In a separate 
experiment segments of IMA had the endothelium 
removed before culture. Tissue viability was assessed by 
ATP to ADP ratio, endothelial coverage by scanning elec- 
tron microscopy, and immunostaining for von Willebrand 
factor antigen and cell proliferation by autoradiography of 
histological sections. The ATP to ADP ratio of IMA did 
not significantly alter after 14 days in culture (1:6 (SEM 
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0:229 2 0(0-2) (n = 10)), indicating that tissue viability was 
maintained. Intimal proliferation was observed in histolog- 
ical sections of cultured IMA. Immunostaining revealed 
that these neointimal cells were weakly positive for æ actin, 
suggesting a differentiation towards a type of smooth mus- 
cle cell. Autoradiography showed proliferating cells in the 
neointimal layer with few dividing cells in the medium. 
De-endothelialised IMA showed less neointimal thick- 
ening when compared with intact IMA (21 (2) um v 36 
(7) um) (n = 6, p < 0 05) as well as a reduced number of 
dividing cells per millimetre intimal length (4-1 (0-6) per 
mm 2 6 7 (1:3) per mm) (n — 6). 

Thus, an organ culture model of human arterial intimal 
proliferation has been established. De-endothelialisation 
results in diminished neointimal thickening, providing 
evidence for an endothelial derived proliferation enhancing 
factor. Inhibitors of this factor may therefore present new 
possibilities for treatment. 


Activation of endothelial monocyte adhesion 
associated with intimal proliferation in organ 
cultures of human saphenous vein 


J P Cooper, A C Newby 
Department of Cardiology, University of Wales College 
of Medicine, Cardiff 


Endothelial activation may be a common factor mediating 
atherogenesis in coronary arteries and vein grafts. Intumal 
smooth muscle cell proliferation, which is a characteristic 
feature of atherogenesis, occurs in an endothelium 
dependent manner in organ cultures of human saphenous 
vein. We investigated whether increased leucocyte adhe- 
sion, a marker for endothelial activation, also occurred in 
these cultures. Saphenous vein obtained from patients 
undergoing a coronary artery bypass operation was opened 
out and 6 mm diameter discs were cut with the blade of a 
corneal trephine. Discs were cultured for 14 days in RPMI 
medium containing 30% (v/v) fetal bovine serum, supple- 
mented for the last 24 hours with 1,:Ci/ml of tritiated 
thymidine. Intimal proliferation was quantified from auto- 
radiographs of 5 um transverse paraffin sections. Adhesion 
of 2 x 10? monocytes labelled with chromium-51 was mea- 
sured by incubation for two hours at 37°C, followed by 
washing 20 times at a medium-air interface, and was fur- 
ther defined by scanning electron microscopy. Culture of 
discs (n = 9) led to the development of a neointima 24 
(7) um thick, which contained 15-4 (2-1) thymidine labelled 
cells per mm of section length. The proportion of mono- 
cytes adhering to freshly isolated vein (7-176 (1:2), n = 8) 
was not affected by culturing (6:495 (0:8), n = 8), but the 
distribution of adhering cells was altered. Monocytes 
adhered preferentially to endothelium denuded areas of 
freshly isolated vein whereas in cultured veins, where there 
were no endothelium denuded areas, monocytes adhered 
preferentially to cells with typical endothelial morphology. 
Adhesion of monocytes to endothelium was confirmed in 
transverse sections specifically stained with U europaeus 
lectin. 

Thus, monocytes adhered readily to the endothelial cells 
of cultured but not freshly isolated saphenous vein. This 
indicates that the endothelial cells responsible for stimu- 
lation of intimal smooth muscle cell proliferation are 
indeed activated. 
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17f-Oestradiol induces endothelium independent 
vasodilatation in isolated sheep coronary arteries 


C Jiang, M J Taggart, P M Sarrel, D C Lindsay, 

P A Poole-Wilson, P Collins 

Department of Cardiac Medicine, National Heart and 
Lung Institute, London 


Treatment with oestrogen reduces the risk of coronary 
heart disease in postmenopausal women. Protection 
against transient myocardial ischaemia and infarction by 
modulating coronary artery tone could be an important 
mechanism. This study assessed the relaxing effect of 
17f-oestradiol on isolated sheep coronary arteries and the 
role of endothelium in this relaxation. Left anterior 
descending coronary arteries from adult male sheep were 
dissected free of fat and connective tissue. The endo- 
thelium was removed from alternate rings by gently rub- 
bing the tissue with a wooden probe. Each ring (2-3 mm in 
length) was suspended in an organ bath containing 
modified Krebs solution at 37°C, bubbled with 95% oxy- 
gen and 5%, carbon dioxide. Rings were allowed to stabilise 
for 90 minutes under a basal tension of 1 g. 17f-Oestradiol 
(0 1, 1, 10 uM dissolved in ethanol) or the same concen- 
tration of ethanol was added to the bath eight minutes after 
rings were precontracted with potassium (30 mM), which 
induced comparable contractile responses in rings with and 
without endothelium (1-8 (0-7) and 1-7 (0-9) g respectively, 
n = 6; unpaired : test, p > 0-05). 0-1 uM 17f-Oestradiol 
had no effect on precontracted rings (p > 0-05). 1 and 
104M 17f-oestradiol induced significant relaxation by 
33% (2) and 84% (4) in precontracted rings with endo- 
thelium and 33% (3) and 79% (6) in rings without endo- 
thelium (comparison with ethanol controls, n= 6, 
p < 0-01). No differences were seen between rings with and 
without endothelium (p > 0-05). Furthermore, reduced 
haemoglobin (10 uM), an inhibitor of endothelium derived 
relaxing factor dependent vasodilatation, and indometha- 
cin (10 uM), an inhibitor of prostacyclin dependent vaso- 
dilatation, did not affect 17f-cestradiol induced relaxation. 
Thus, our results indicate that 17f-oestradiol induced 
significant relaxation in precontracted sheep coronary arte- 
res by an endothelium independent mechanism. These 
results may help to explain the beneficial effect of oestrogen 
replacement therapy in postmenopausal women. 


17B-Oestradiol inhibits calcium currents in 
isolated single guinea pig cardiac myocytes 


C Jiang, P Collins, S Mochizuki, P M Sarrel, 

P A Poole-Wilson, K T MacLeod 

Department of Cardiac Medicine, National Heart and 
Lung Institute, London 


The negative inotropic effect of 17fi-oestradiol on the myo- 
cardium from perfused rabbit heart has been described 
previously but the underlying mechanism is not under- 
stood. The purpose of this study was to assess the possible 
inhibitory effect of 17f-oestradiol on the inward calcium 
current in isolated single cardiac myocytes. Guinea pig 
ventricular myocytes isolated by enzymic perfusion were 
continually superfused with a modified Krebs solution 
containing 2:5 mM calcium bubbled with 95% oxygen and 
5% carbon dioxide at 22°C. Microelectrodes were filled 
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with either 3M potassium chloride or 2:1 M potassium 
citrate and 60 mM potassium chloride and had resistances 
of 15-25MQ. 178-Oestradiol caused action potential 
duration to decrease in a dose dependent manner. Action 
potential duration decreased to 82-196 (1:6) in 3uM 
17f-oestradiol and to 74-395 (8:1) in 30 uM 17f-oestradiol 
(n = 6, mean (SD)) within 1-3 minutes. 17f-Oestradiol 
also caused shape changes in the early part of the action 
potential, notably a more depolarised early plateau consis- 
tent with an inhibition of the calcium current. We used an 
Axoclamp 2-A in switch clamp mode to measure the cal- 
cium current. Cells were voltage clanped, held at — 40 mV, 
and subjected to step depolarisations from this voltage to 
elicit the calcium current. This current could be blocked by 
verapamil, cobalt, and cadmium and increased by iso- 
prenaline or by increasing the external calcium concen- 
tration. After one minutes’ perfusion 10 uM 17f-oestradiol 
decreased the calcium current by 45% (7) without 
significant alteration to the shape of the current-voltage 
relation. The effect of 17f-oestradiol was reversible after 
washout for two minutes. The reversible inhibition indi- 
cated that the effect of 17f-oestradiol could not be due to 
run down of the calcium current. 

Our results suggest that 17f-oestradiol inhibits inward 
calcium current and this may underlie its negative 
inotropic effect. 


Heat stress protects isolated perfused rabbit heart 


D M Yellon, E Pasini, R Ferrari, M S Marber, 

J M Walker, D S Latchman 

Cardiovascular Studies Unit, Department of Cardiology, 
University College Hospital, London, and Department 
of Cardiology, University of Brescia, Italy 


Developing means of protecting the ischaemic myo- 
cardium has been the goal of cardiologists for many years. 
It is now realised that other than the early restoration of 
coronary blood flow, which is itself associated with reper- 
fusion induced injury, little can be done by drug treatment 
to salvage muscle and limit the ultimate size of an evolving 
infarct. We investigated a new approach to protect the 
ischaemic and reperfused myocardium. Hyperthermia is 
known to induce the synthesis in the heart of a small group 
of proteins known as the heat shock or stress proteins, 
which may be able to protect the heart from a further stress. 
We confirmed initial protective findings associated with 
heat stress in rat hearts and extended this work to another 
species—namely, the rabbit. Rabbits (n=8) were 
anaesthetised and body temperature raised to 42°C for 15 
minutes (heat shock). Controls (n — 8) were treated in the 
same way but without heating. After 24 hours the animals 
were reanaesthetised and the hearts removed for heat shock 
protein analysis (n — 6) or perfusion with Krebs buffer. 
Hearts were subjected to 60 minutes of low flow 
(1 ml/minute) ischaemia followed by 30 minutes of reper- 
fusion and evaluated for recovery of function, creatine 
kinase release, tissue ATP and creatine phosphate concen- 
trations, mitochondrial function, and glutathione release. 
On reperfusion hearts subjected to heat shock showed 
improvements in diastolic pressure (37-1 v 53 7 mm Hg), 
post-reperfusion developed pressure (20 v 18mm Hg), 
creatine kinase release (560 v 1105 mU/min/g), glutathione 
release (0-003 v 0-4 nmoles/min/g), and concentrations of 
ATP (6-1 v 2:8umol/g) and creatine phosphate (36-9 v 
17-4 umol/g). In addition, the mitochondrial respiratory 
control index was higher in the heat shocked animals (9-2 
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v 5 7). Western blotting showed raised 72 kilodaltons heat 
shock protein in the heat shocked hearts compared with 
controls. 

These data extend the hypothesis that heat shock pro- 
tects against ischaemia and reperfusion in this model. This 
raises the possibility of exploiting intrinsic cellular mech- 
anisms to protect the heart from ischaemic and reperfusion 
damage. 


Intercellular adhesion molecule-1 expression on 
cardiac vascular endothelial cells in dilated 
cardiomyopathy 


Alida L P Caforio, Jessica M Mann, S H Jennison, 
M J Davies, G F Bottazzo, W J McKenna 

St George's and Middlesex Hospital Medical Schools, 
London 


The hyperexpression of intercellular adhesion molecule-1 
(ICAM-1) and class II major histocompatibility complex 
antigens on vascular endothelial cells occurs in organs 
affected by chronic inflammation or autoimmunity, or 
both. ICAM-1 and class II expression on cardiac vascular 
endothelial cells was studied in fresh biopsy tissue from 
29 patients with dilated cardiomyopathy (20 men, nine 
women, mean age 45 (11) years) and in surgical specimens 
from 40 control patients (28 men, 12 women, mean age 44 
(18) years), of whom nine had congenital defects, 20 coro- 
nary artery disease, and 11 longstanding rheumatic heart 
disease. Double immunofluorescence was performed with 
monoclonal antibodies to ICAM- 1 or to class II and with 
antiserum to human factor VIII as a vascular endothelial 
cell marker. Class II expression on vascular endothelial 
cells was more frequent in patients with dilated cardio- 
myopathy than in controls (27/29 (93%) v 11/40 (27-59), 
p = 0-0001). The finding of ICAM-1 expression on vascu- 
lar endothelial cells was also more common in patients with 
dilated cardiomyopathy than in controls (13/29 (45%) v 
5/40 (12-596), p = 0-006). A positive association was found 
between ICAM- 1 and class II antigen expression; ICAM- 
] expression was more commonly found in class II positive 
tissues than in class II negative specimens (16/38 (42%) v 
2/31 (6%), p = 0-002). Sensitivity, specificity, and predic- 
tive value of class II and of ICAM-1 molecule expression 
as tissue markers of dilated cardiomyopathy were 9395, 
72%, 67% and 45%, 87%, 38% respectively. 

In dilated cardiomyopathy expression of class II major 
histocompatibility complex antigens on vascular endo- 
thelial cells is a sensitive and relatively specific marker of 
autoimmunity while the finding of ICAM-1 induction on 
cardiac vascular endothelial cells may represent a second- 
ary response to chronic inflammation. 


Frequency response characteristics of 
intraventricular balloons used for functional 
assessment of isolated hearts 


C P Young, M J Shattock, M V Braimbridge, A Cave, 
D J Hearse 
St Thomas’s Hospital, London 


Fluid filled intraventricular balloons have been used 
experimentally for many years to measure the function of 
isolated perfused hearts. To assess their accuracy balloons 
were placed in a pressure chamber containing a high qual- 
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ity pressure transducer (response flat to 100 Hz) and a pres- 
sure wave generated over a frequency range of 0-60 Hz. 
Frequency response curves were then constructed by 
comparing the response of both monitoring systems with 
differing arrangements of balloons, tubing, and trans- 
ducers to assess the contribution of each component in the 
system. Balloons were constructed of stretched plastic foil 
(about 600 ul in volume), and after filling with water and air 
evacuation they were attached by means of polythene 
tubing (100 cm long, 1 mm internal diameter) to a pressure 
transducer. Frequency response curves were generated at 
different balloon volumes (30, 70, 100, 130 ul). The fre- 
quency response curves of individual balloons were almost 
superimposable at ali balloon volumes, but there were 
significant differences between the curves of each balloon 
(p < 0-05 at 20Hz). The pattern of response was of 
amplification of the signal (> 3 dB) between 12-6 (3 2) Hz, 
up to a maximum of 9-0 (0-8) dB, and then of progressive 
signal attenuation (—3 dB cut off 48 5 (9 5) Hz). Changing 
the pressure transducer did not significantly alter the fre- 
quency response curve of each balloon. Removal of the 
polythene tubing from the system resulted in significantly 
greater resonance between 30 and 60 Hz (p < 0 01). The 
results indicated that cardiac measurements of systolic and 
developed pressure (component frequency range 0—25 Hz) 
would be mildly amplified but measurements of dP/dt, 
which focus specifically on the high frequency signals, 
would be severely distorted. 

We conclude that, firstly, intraventricular balloons show 
both resorance (12-25 Hz) and filtering which distorts 
pressure measurements. Secondly, the frequency response 
curve of every balloon should ideally be characterised 
before use. Thirdly, analysis of dP/dt is likely to be inaccu- 
rate and unreliable. Finally, the limitations of balloon 
measurements should be appreciated. 


Decision making regarding thrombolytic 
treatment in the community: is the ECG useful? 


J] D Gemmill, W K Lifson, A P Rae, W S Hillis, 

F G Dunn 

Departments of Cardiology and Medicine and 
Therapeutics, University of Glasgow, Stobhill General 
Hospital, Glasgow 


We assessed the roles of clinical assessment and electro- 
cardiography performed at home in decision making for 
thrombolytic treatment outside hospital. A total of 137 
patients seen at home with chest pain requiring direct 
admission to the coronary care unit (CCU) were assessed 
prospectively on clinical grounds by their general prac- 
titioner (GP), who documented suitability for the adminis- 
tration of thrombolync treatment. Patients were 
randomised to clinical assessment only (group 1) or clinical 
assessment followed by a further assessment after electro- 
cardiography (group 2). An electrocardiogram .was suc- 
cessfully completed for 55 patients (76%), of which 11 
were of poor quality. The decisions were compared with 
the prescription of thrombolytic treatment in the CCU. In 
group 1 thrombolytic treatment was recommended in 30 
out of 82 patients, of whom 10 ultimately received throm- 
bolytic treatment (predictive value 33%), and not recom- 
mended in 52, of whom three received thrombolytic 
treatment (predictive value 94%). In group 2 after clinical 
assessment alone thrombolytic treatment was recommen- 
ded in 19 out of 55 patients and given to eight (predictive 
value 42%} and was not recommended in 36, of whom five 
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received thrombolytic treatment (predictive value 86%). 
The clinical assessment was reversed after electro- 
cardiography in seven patients, incorrectly in five. 
Clinical assessment alone is unreliable for the pre- 
scription of thrombolytic treatment and difficulty exists in 
both recording and interpretating electrocardiograms at 
home, thus diminishing their contribution to decision 
making. Means of facilitating electrocardiogram recording 
and interpretation are required before thrombolytic 
treatment can safely be administered in the community. 


Dundee coronary risk disk: an aid to preventive 
cardiology 


H Tunstall-Pedoe 
Cardiovascular Epidemiology Unit, Ninewells Hospital 
and Medical School, Dundee University, Dundee 


Coronary risk factor assessment is increasingly popular as 
an aid to coronary heart disease prevention. However, clin- 
icians traditionally consider risk factors in one dimensional 
terms, in which low or average levels are acceptable, and 
action is taken if a certain level is exceeded. This has been 
the approach to blood pressure control and now forms the 
basis of cholesterol management algorithms. However, risk 
factors interact and clinicians are also encouraged to “‘take 
account of other risk factors" but cannot do so without a 
scoring system to make this possible. In collaboration with 
a joint committee of the Coronary. Prevention Group and 
the British Heart Foundation a scoring system was devel- 
oped incorporating smoking, blood pressure, and choles- 
terol concentration. À mechanical analogue, the Dundee 
coronary risk disk,.has been produced. Its scientific basis 
and the results of evaluation by doctors and nurses are 
described, as well as its validation against the Whitehall 
study. It is suggested that it may not only be the yardstick 
for a high risk strategy in general practice but also help 
hospital doctors, particularly cardiologists, to assess and 
explain coronary risk factors. 


Evidence of autonomic imbalance from analysis 
of heart rate variability in patients with and 
without exercise induced ventricular tachycardia 
in clinically normal.hearts 


J S Gill, F Lu, V Paul, D E Ward, A J Camm 
Department of Cardiological Sciences, St George's 
Hospital Medical School, I.ondon 


Spectral and non-spectral analysis of heart rate variability 
allows a non-invasive method of assessment of sympathetic 
and parasympathetic influences on the heart. Many 
patients with ventricular tachycardia (VT) in “‘clinically 
normal" hearts have exercise induced VT, suggesting a 
sensitivity to the changes in myocardial autonomic tone 
associated with exercise. We studied components of HRV 
in 19 patients (age range 19—60 years) with and without 
exercise induced VT and clinically normal hearts. 24 Hour 
Holter tapes obtained from patients receiving no treatment 
were analysed with a Marquette 8500 laser Holter system. 
Power spectral analysis of HRV showed that the low fre- 
quency (LF) components (0 05-1-5 Hz, representing para- 
sympathetic elements) and high frequency (HF) 
components (0-15-0 4 Hz, representing sympathetic ele- 
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ments) or their ratio did not differ between patients with 
(low frequency 32-5 (11-8), high frequency 18-1 (11-3)) and 
without (low frequency 27-0 (11-7), high frequency 12-9 
(7-0)) exercise induced VT. Non-spectral measures of 
heart rate variability included the SD of normal RR inter- 
vals, root mean square successive difference (rMSSD), and 
the percentage. of RR intervals exceeding the preceding 
interval by 50 ms (pNN50). Although the SD of normal 
RR intervals did not differ in patients with and without 
exercise induced VT (136-8 (52:6) v 121.1 (34-9) ms), the 
rMSSD (38-7 (14 6) v 26:3 (10-3) (p = 0-07)) and pNN50 
(15 5 (10-8) v 6:1 (6-4) (p < 0-055) were higher in patients 
with exercise induced VT. The indices rMSSD and 
pNN50 are sensitive measures of parasympathetic activity 
and the results:suggest a predominance of parasympathetic 
tone in patients with exercise induced VT. 

We conclude that these data provide evidence of 
sympathetic-parasympathetic imbalance over short time 
periods in patients with exercise induced VT in clinically 
normal hearts. 


QT interval dispersion and arrhythmic events in 
patients with congenital long QT syndromes: 
effects of $ blockade 


N J Linker, S O'Nunain, P Colonna, A J Camm, 
DE Ward . 
.St George's Hospital Medical:School, London. 


Recent evidence has suggested that QT dispersion, 
recorded in a surface electrocardiogram, may be a predictor 
of the risk of arrhythmic events in patients with long QT 
interval syndromes (LQTS). We studied seven patients 
with congenital LQTS (six female, mean age 21 years, 
range 1 month-44 years), all of whom had documented 
torsade de pointes. All patients were studied while not 
receiving treatment and after a mean period of 38 months 
(range 2-116 months) of f blockade. Good: quality electro- 
cardiograms were recorded in all.patients at a paper speed 
of 50 mm/s. The QT and RR intervals weré measured in all 
leads; the. QT interval for each.lead and the dispersion 
between the minimum and maximum QT and QT inter- 
vals were calculated. The mean QT dispersion with no 
treatment was 109 (47) ms (QTc 0-107 (0-031) s*). With f 
blocking drugs the QT dispersion was 169 (60) ms (QT. 
0-158 (0-052) s*). The QT and: QT. dispersion before and 
during f blockade was not significantly different. Seven of 
the eight patients had no further symptoms or documented 
arrhythmic.events with f blockade. The one patient who 
continued to experience torsade de pointes with f blockade 
showed no difference in QT' interval dispersion (115 v 
115 ms) and a slight decrease in. QT'c dispersion (0-127 v 
0-093 st). 

We conclude that patients with congenital LOTS have 
marked dispersion of the QT interval in a surface electro- 
cardiogram. However, the beneficial antiarrhythmic effect 
of f blockade in these patients is not reflected in a lessening 
of this abnormal dispersion. 


Diagnosis and management of vasovagal 
syndrome 


J M Morgan, A S Amer, Ann Ingram, A Fitzpatrick, 
R Sutton 
Westminster Hospital, London 


Between 1980 and 1990, 55 patients (29 women, aged 67 
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(14) years; 26 men, aged 59 (13) years) received pacemakers 
for treatment of the cardioinhibitory malignant vasovagal 
syndrome. The syndrome was diagnosed if there was clear 
documentation of vasovagal bradycardia or positive results 
in a tilt test (cardioinhibition to less than 60 beats/minute) 
but not if there was only a vasodepressor response to tilt- 
ing. Symptoms were syncope (51 (93%) patients); pre- 
syncope (three (5%)); dizziness (one (2%)). Three patients 
died of unrelated causes and were excluded. The remaining 
52 patients were followed up for a mean of 4:7 (2-126) 
months. Thirty two (62%) patients (group A) had com- 
plete abolition of symptoms with pacing; the condition of 
16 (31%) (group B) was improved (four with additional 
drug treatment) and that of four (7%) (group C) was not 
improved. Tilt testing gave positive results in 43 (83%) 
patients, 25 (78%) in group A, 15 (9494) in group B, and 
three (75%) in group C. Resting or ambulatory electro- 
cardiographic abnormalities (bradycardia, ischaemia) were 
identified in 21 (66%) patients in group A, 12 (75%) in 
group B, and three (75%) in group C. Electrophysiological 
study identified sinus node or atrioventricular conduction 
disease in 11 (34%) patients in group A, four (25%) in 
group B, and three (7594) in group C. Optimal pacemaker 
modes were: in group A DDI 27 (84%) patients (all with 
hysteresis and DDD five (16%) (two with hysteresis); in 
group B DDI 12 (75%) (10 with hysteresis), DDD two 
(13%) (one with hysteresis), and VVI two (13%) (one in 
atrial fibrillation); in group C DDI one (25%) (with hyster- 
esis) and DDD three (75%). 

Symptoms were abolished or considerably ameliorated 
by optimal cardiac pacing in 48 (92%) patients. DDI 
pacing was used in 40 (83%) of these (with hysteresis in 38 
(95%)). Many had no demonstrable abnormality on elec- 
trophysiological study but most had positive results in a tilt 
test. Decision to pace, therefore, is not helped by the results 
of electrophysiological study but negative results in a tilt 
test do not preclude improvement by pacing if there is 
historical documentation of the cardioinhibitory malignant 
vasovagal syndrome. 


Exaggeration of latency after premature 
stimulation in abnormal myocardium 


J M Morgan, A D Cunningham, D T Connelly, 

E Rowland 

Royal Brompton National Heart and Lung Hospital, 
London 


Conduction time is known to be prolonged (latency) after 
premature stimulation. To investigate the effect of myo- 
cardial disease on latency we delivered increasingly 
premature ventricular stimuli during steady state ventri- 
cular pacing (600 ms) at the right ventricular apex during 
electrophysiological study of patients without myocardial 
disease (controls) and patients with myocardial disease. 
Onset of activation at the right ventricular apex was deter- 
mined by récording monophasic action potential (MAP) 
upstroke. Activation time at the right ventricular apex was 
measured as the interval from stimulus artefact to MAP 
upstroke. Activation time was consistently prolonged to a 
maximum with approach to refractoriness and was 
expressed as the percentage increase from steady state 
value (VAT map. In 10 controls mean %AT max at 19 sites 
was 36-199 (SEM 6-494). In seven patients with ischaemic 
heart disease and ventricular tachycardia %AT mas was 
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55:7% (11-196) at 12 sites (no significant difference from 
controls). In nine patients with arrhythmogenic right 
ventricular dysplasia, however, %AT,,,, was 76:6% 
(13 3%), significantly greater (p « 0-01) than that in con- 
trols. In 12 patients with right and left ventricular disease 
(non-ischaemic) Ve AT max was 81:9% (13-777) at 24 sites, 
again significantly greater (p « 0-01) than that in controls. 
The mean %AT „ax was also significantly greater than that 
in controls (p < 0-01) at 16 sites in seven patients receiving 
amiodarone for ventricular tachycardia complicating 
ischaemic heart disease (78-7% (10%)) and at 15 sites in 
four patients with arrhythmogenic right ventricular dys- 
plasia receiving amiodarone (81:396 (11:994); p < 0-01). 

In conclusion, an exaggeration of the expected increase 
in latency with prematurity is a notable feature of myo- 
cardium with generalised disease. A consequence of this 
exaggerated increase in latency will be enhanced dispersion 
of repolarisation. Amiodarone may also exaggerate latency 
but this arrhythmogenic effect could be countered by pro- 
longation of the action potential duration. 


Transaortic ventricular tachycardia mapping 
during surgery 


R C Saumarez, D J Parker, A J Camm 
St George’s Hospital Medical School, London 


Transannular left ventricular endocardial mapping during 
ventricular tachycardia surgery avoids a ventriculotomy 
but the problem remains of relating the map to anatomical 
structures and the precise delivery of an ablating system. 
We have developed a passive multijointed mechanical arm 
which terminates ın a hand held probe that is inserted 
retrogradely through the aortic valve after the patient is 
placed on total cardiopulmonary bypass and the aorta has 
been incised and the coronary arteries have been cannu- 
lated and perfused. The movements of the six joints of the 
arm are sensed by a supervisory computer and the position 
of the electrode at the tip of the arm is calculated and 
displayed continuously on the computer monitor as a cur- 
sor over a stylised grid representing the left ventricular 
endocardial geometry. When electrograms are recorded 
their positions on the left ventricular endocardial surface 
are displayed on the map. The electrograms are processed 
to determine their activation sequences and the markers 
indicating their positions on the map are colour coded to 
display the activation pattern across the left ventricular 
endocardium. The points can also flash in the sequence of 
their activation, creating a dynamic display. The surgeon 
may then move the probe to any interesting point on the 
endocardium by aligning the cursor with the point on the 
map. Then the map can be refined interactively by sam- 
pling new positions that are less than 5mm apart. The 
surgeon can, to some extent, identify the papillary muscles 
while exploring the left ventricular cavity and relate their 
positions to the positions of the electrograms recorded on 
the map. A case of non-ischaemic ventricular tachycardia 
originating in the left ventricular outflow tract, and hence 
inaccessible to a transmitral approach, has been mapped 
and successfully cryoablated with this method. We intend 
to extend this approach by building a cryoprobe into the tip 
of an exploring probe that can be attached to the arm in 
place of the mapping probe and placed precisely against the 
ventricular tachycardia focus. 
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Dietary fat enhances survival of rejecting cardiac 
allografts in rats 


M P Haw, R A Forse, L Kabbash, G L Blackburn 
Southampton General Hospital, Southampton, and 
Harvard Medical School, Boston, Massachusetts, United 
States 


Recent studies have suggested that polyunsaturated fatty 
acids, both w-3 (N-3) and w-6 (N-6), are immuno- 
suppressive. This study tested the ability of Menhaden oil 
(MO), rich in w-3 fatty acid, and safflower oil (SO), rich in 
(0-6 fatty acids, to prolong cardiac allograft survival. Lewis 
recipients and Lewis x Brown Norway donor rats were fed 
three test diets for six weeks. The beef tallow (BT) control 
diet and MO and SO diets were 20% by weight fat and 
varied only in fatty acid content. After six weeks Lewis 
recipients received an abdominal heterotopic transplant 
from the donor animals. Postoperatively half the animals 
were treated with cyclosporin at 5 mg/kg for the first 10 
days; the remainder were untreated. Parameters measured 
were graft survival in days, animal growth, dietary fatty 
acid analysis, and dietary intake. Statistical analysis was by 
the Mann-Whitney U test for non-parametric data. Ani- 
mal growth and dietary intake were identical in the three 
dietary groups. The median graft survival and survival 
range were as follows: six BT grafts survived a median of 
7 5 days (6-9), seven SO grafts 14-3 days (10-21), and 10 
MO grafts 12-0 days (10-14). Six BT and cyclosporin 
grafts survived 18:0 days (17—19), six SO and cyclosporin 
grafts 34-5 days (26-76), and six MO and cyclosporin grafts 
28:5 days (24-33). The test diets SO and MO were 
significantly different from the BT control diet with or 
without cyclosporin treatment (p < 0-01). 

These data show that dietary polyunsaturated fatty acids 
prolong the life of rejecting cardiac allografts. It may be 
that such dietary fatty acids will reduce the dose of 
cyclosporin required for permanent allograft survival. 


Right heart Doppler characteristics: comparative 
study of live (domino) and conventional donor 
hearts 


D A Lythall, M B Simmonds, C Slorach, C D J Ilsley, 
A G Mitchell, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


The recipient hearts from patients undergoing combined 
heart-lung transplantation (domino hearts) provide a valu- 
able source of donor organs for cardiac transplantation. 
The right ventricle of these hearts is usually hypertrophied 
as an adaption to high pulmonary vascular resistance 
(PVR). It is conceivable that after engraftment, when these 
hearts are exposed to normal or near normal PVR, the now 
inappropriate hypertrophy may impair right heart filling. 
Accordingly, with Doppler echocardiography right sided 
filling was compared in 12 patients, of whom six (heart rate 
87 (SD 13) beats/minute, age 50 (10) years; time since 
transplant 23 (13) months; ischaemic time 102 (34) 
minutes; donor age 29 (7) years) had received domino (D) 
hearts and six (heart rate 95 (17) beats/minute; age 53 (9) 
years; time since transplant 7 (7) months; ischaemic time 
143 (52) minutes; donor age 31 (10) years) conventional 
brain dead donor (ND) hearts. Superior vena cava and 
tricuspid flow velocities were recorded as well as mitral and 
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aortic flow velocities and left ventricular dimensions and 
wall thickness with a Hewlett-Packard Sonos 500/1000 
ultrasound system. Simultaneous phonocardiogram and 
respiratory tracings were recorded. No significant 
differences in tricuspid or superior vena cava flow velo- 
cities were observed between the two groups (peak 
tricuspid flow at end expiratory apnoea, D 49 (9) cm/s v 
ND 53 (13) cm/s; tricuspid diastolic flow duration, D 178 
(45)ms v 165 (38)ms; superior vena cava systolic flow 
velocity, D 26 (11) cm/s v 28 (9) cm/s; superior vena cava 
diastolic flow velocity, D 40 (7) cm/s v 43 (16) cm/s). In 
addition, superior vena cava flow velocity integrals and 
duration of superior vena cava systolic and diastolic flow 
were similar. This suggests that right sided filling as mea- 
sured by Doppler flow is not altered by the use of right 
heart hypertrophied donor hearts when examined at long 
term follow up. 


Heart rate and sudden death in cardiac transplant 
recipients 


C D Scott, J M McComb, J H Dark 
Freeman Hospital, Newcastle upon T'yne 


'There have been three late sudden deaths in the first 104 
consecutive long term survivors ( 2 three months) of ortho- 
topic cardiac transplantation at this centre. Unexplained 
sinus tachycardia with a rate of 7130 beats/minute had 
been observed in all three patients during routine follow 
up. We therefore retrospectively reviewed resting 12 lead 
electrocardiograms recorded at routine three monthly 
follow up and determined serial heart rates in all 104 
survivors. Mean heart rates during 22 (13) months of fol- 
low up were 99-9 (16) beats/minute at three months; 100 
(11-5) beats/minute at six and nine months; 101 (13) 
beats/minute at one year; 96:5 (11-6) beats/minute at two 
years; and 94-4 (10-5) beats/minute at three years. The 
mean heart rate during the follow up period was 104 (11) 
beats/minute. The mean heart rate was greater than the 
95th centile (mean (2 SD)).in four patients, three of whom 
died suddenly. Postmortem examination in two of these 
three showed coronary artery disease. There were no other 
sudden deaths but four patients died of other causes. The 
heart rate was not related to either donor age or to rejection. 

Thus, we have established a normal range for heart rate 
in the three years after cardiac transplantation and have 
shown that there is no significant change with time after 
transplantation. Three of the four patients with 
unexplained sinus tachycardia with a rate greater than the 
95th centile died suddenly, compared with none of the 100 
with heart rates within the usual range after trans- 
plantation. Unexplained sinus tachycardia may therefore 
be an adverse prognostic sign. The mechanism of such 
tachycardias is not known, although perhaps there is a 
relation with coronary artery disease. 


Haemodynamic characteristics of patients 
assessed for single lung transplantation 


J C Doig, P A Corris, C J Hilton, J H Dark, R S Bexton 
Academic Cardiology, Freeman Hospital, Newcastle 
upon Tyne 


Single lung transplantation has been performed at this 
hospital since 1986. Twenty five patients with end stage 
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respiratory disease (14 men, 11 women; mean age 46 years, 
range 20-58) have undergone preoperative assessment 
including measurement of right heart pressures, cardiac 
outputs, and pulmonary resistances. Right ventricular 
(RV) angiography was performed in 22 and coronary arte- 
riography in 20. The aim of this retrospective study was to 
define the haemodynamic characteristics of such patients 
and to determine whether preoperative haemodynamic 
status predicted surgical outcome. Mean RV systolic pres- 
sure was 44mm Hg and mean pulmonary artery pressure 
30mm Hg. Pulmonary hypertension was present in 24 
patients (96%), being mild in 13 (54%), moderate in six 
(25%), and severe in five (21%). Mean pulmonary artery 
wedge pressure was 12mm Hg. Mean cardiac index was 
3-01/min/m?, mean total pulmonary resistance 11-1 
Units x m?, and mean pulmonary arteriolar resistance 6-6 
Units x m?. Only six (27%) had normal RV function. 
Coronary disease was found in five patients (20%). The 
length of history and severity of hypoxia did not predict the 
degree of pulmonary hypertension. Eleven of these 25 
patients received transplants (44%), with four dying in the 
first month. Survivors had more pulmonary hypertension 
(RV systolic pressure 53 v 41 mm Hg, mean pulmonary 
artery pressure 35 v 25 mmHg, p = 0:024) but better 
cardiac indices (3:0 v 2:2 l/min/m?) with lower total pul- 
monary resistance (12-5 v 15:3 Units x m?) and pulmonary 
arteriolar resistance (8-3 v 8:9 Units x m?). They tended to 
be older (49 v 45 years), and male patients did better in the 
early stages. The extent of RV dysfunction and coronary 
disease were similar in survivors and non-survivors. A 
further seven patients underwent transplantation without 
preoperative catheterisation. 

These data define the population being assessed for sin- 
gle lung transplantation for end stage pulmonary disease. 
Pulmonary hypertension of variable severity is present in 
almost all and 73% have RV dysfunction. Transplantation 
is their only viable treatment option and the acute outcome 
seems to be better in those with lower pulmonary 
resistances despite the presence of more severe pulmonary 
hypertension. 
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Superior qualities of University of Wisconsin (UW) 


solution for ex vivo preservation of pig heart 


P S Mankad, N J Severs, R Lachno, S Rothery, 


M H Yacoub 
National Heart and Lung Institute, London, and 
Harefield Hospital, Middlesex 


We eate UW solution by comparing it with St 
Thomas’s solution (ST) in isolated pig hearts subjected to 
eight hours of ischaemia (n = 6 in each). The hearts were 
perfused ex vivo with autologous blood for control and 
post-preservation assessment. Morphological, metabolic, 
and functional evaluation was performed. Left and right 
function as assessed by slope values of systolic and diastolic 
pressure-volume relations of isovolumically contracting 
heart was better preserved by UW solution (% reduction: 
left ventricular systolic 52-4 (5-5) v 17-7 (6-7) (p < 0-001), 
left ventricular diastolic 125-6 (46:4) v 655 (31-4) 
(p < 0:05), right ventricular diastolic 112-3 (48 7) v 402 
(31:3) (p < 0:02) after ST and UW preservation 
respectively). Post-ischaemic recovery of left ventricular 
dP/dt and MvO, were significantly improved after UW 
preservation (p < 0-001). Coronary vascular resistance was 
well maintained in the UW group as opposed to the 
significant increase in the ST group (p « 0:001). Preserva- 
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tion of myocardial ATP was improved and energy charge 
unchanged after eight hours of ischaemia and reperfusion 
in the UW hearts (p « 0:01). Electron microscopic exam- 
ination showed substantially better preservation of con- 
tractile apparatus after UW preservation. 

These observations suggest that UW solution has 
the potential to improve the preservation of heart and 
possibly prolong the ischaemic period in clinical cardiac 
transplantation. 


Haemoglobin-oxygen affinity in chronic heart 
failure 


S W Davies, N Blair, S L Jordan, J D M Richards, 
D P Lipkin 

Royal Free Hospital and University College Hospital, 
London 


In chronic left heart failure there is an impaired cardiac 
output response to exercise and increased arteriovenous 
oxygen extraction and infra red spectroscopic studies show 
profound oxygen desaturation within exercising muscle. 
The baemoglobin-oxygen dissociation curve is an 1mpor- 
tant determinant of oxygen delivery to the tissues; there are 
adaptive changes in haemoglobin-oxygen dissociation in 
chronic hypoxic lung disease and at high altitudes due to 
changes in red cell 2,3-diphosphoglycerate content. Adap- 
tive changes in haemoglobin-oxygen dissociation might be 
important in heart failure when blood flow to exercising 
muscle is limited. Blood samples were obtained from 15 
patients with severe heart failure (New York Heart Associ- 
ation grades III-IV), normal resting blood gas concen- 
trations, and lung function of >75% predicted values and 
from 10 age matched controls. All subjects underwent 
maximal treadmill exercise with respiratory gas analysis 
and pulse oximetry. Haemoglobin-oxygen dissociation 
curves were measured at standard pH 7:13 by tonometry, 
and each patient's curve was characterised by P.o, the par- 
tial pressure of oxygen at which the haemoglobin is 50% 
saturated with oxygen. Red cell 2,3-diphosphoglycerate 
content was measured by enzymatic assay. The 
haemoglobin-oxygen dissociation curve was shifted to the 
right in heart failure (P;9 34:1 (14)mmHg v 306 
(1 2) mm Hg in controls; p < 0-02). As a result at a given 
Po; of 30mm Hg, haemoglobin would release 6095 rather 
than 50% of its oxygen. Red cell 2,3-diphosphoglycerate 
concentrations in heart failure were near the upper limit of 
normal but not statistically greater than in controls. Psy 
correlated weakly with exercise capacity as reflected by 
peak oxygen consumption Vomax (R = —0-37, p < 0:05) 
but not with the fall in oxygen saturation on exercise. 

Thus in moderate to severe heart failure haemoglobin- 
oxygen dissociation shifts so as to favour oxygen unloading 
in the periphery. 'This may be partly due to a small increase 
in red cell 2,3-diphosphoglycerate as an adaptation to 
peripheral hypoxia. 


Haemoglobin inhibits endothelium dependent 
relaxation in human coronary arteries in vivo 


P Collins, K M Fox 
Royal Brompton National Heart and Lung Hospital, 
London 


The importance of endothelium derived relaxing factor 
(EDRF) in the control of coronary vasomotor tone has only 
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recently been recognised. Endothelium dependent vascu- 
lar relaxation and the release of EDRF in vitro is now well 
established. However, evidence to indicate its presence and 
importance in vivo is only circumstantial in human coron- 
ary arteries. We investigated the role of EDRF in the 
control of coronary vasomotor tone with the specific 
inhibitor free haemoglobin (Hb). We report the inhibition 
of acetylcholine induced coronary vasodilatation by free 
Hb in seven patients (six women and one man) with angio- 
graphically normal coronary arteries. After diagnostic 
cardiac catheterisation three minute coronary artery 
infusions were given as follows: acetylcholine 0-1 uM, 
acetylcholine 0 1uM and Hb 1 uM, acetylcholine 0-1 uM 
and Hb 10 uM, and 1000 ug isosorbide dinitrate. These 
substances were infused into the left anterior descending 
coronary artery through a 2 French infusion catheter. 
Quantitative coronary angiography was performed after 
each infusion. Acetylcholine 0-1 uM increased left anterior 
descending coronary artery diameter from (mean (SEM) 
Student's test) 2:32 (0-12) to 2-78 (0-20) mm (p < 0-01). 
Hb 1 uM and 10 uM reversed this effect to 2-11 (0 18) mm 
(p < 0001) and 2:29 (0-14) mm (p < 0-05) respectively. 
Isosorbide dinitrate, an endothelium independent vaso- 
dilator, overcame the inhibitory effect of free Hb (1 uM and 
10 uM) causing vasodilatation (3-04 (0-24) mm, p < 0:001). 

We conclude that Hb is an inhibitor of EDRF in vivo at 
concentrations that have been recorded in some patho- 
logical states. It may provide a useful tool for further 
investigation of EDRF in this and other vascular beds in 
humans. 


Ventilatory abnormalities in chronic heart failure 
are improved by physical training 


P Davey, A Coats, T Meyer, S Adamopoulos, 
A Radaelli, Barbara Casedei, ] Conway, P Sleight 
John Radcliffe Hospital, Oxford 


In chronic heart failure (a) patients are commonly limited 
by leg fatigue and dyspnoea, (b) factors other than hae- 
modynamic factors are important in determining the venti- 
latory abnormalities, and (c) there are widespread skeletal 
muscle changes. We hypothesised that patients with 
chronic heart failure were physically deconditioned, par- 
ticularly in their legs, and that this placed significant lim- 
itations on their exercise capacity. We examined the effect 
of an exercise training programme on exercise capacity and 
on ventilatory performance ın 22 patients aged 54—77 
(mean 64 years) with chronic, stable (7 three months) non- 
oedematous heart failure of ischaemic origin (13/9 in New 
York Heart Association class II/III). Mean frusemide dose 
was 81mg, and nine patients were receiving angiotensin 
converting enzyme inhibitors. Lung function clinically and 
by chest x ray was normal. Initial tests excluded those with 
exercise induced arrhythmias and ischaemia and ensured 
reproducibility of baseline measurements. Patients were 
then entered in random order to a training or detraining 
first programme with crossover after eight weeks to the 
opposite arm. Training consisted of home based bicycle 
ergometry, 20 minutes/day for five days/week at 70-80% of 
their maximum heart rate. During detraining the bicycles 
were removed from patients’ homes and they were asked to 
avoid exercise that induced fatigue or dyspnoea. At the end 
of each period they were assessed by an observer blinded to 
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their training state. Assessment comprised upright bicycle 
exercise to exhaustion, with four minute 25 W stages, with 
gas analysis for minute ventilation (Vi), minute carbon 
dioxide production (Vco4) and minute oxygen (Vo,) 
consumption. Training increased exerise time from 14 to 
16:4 minutes (p < 0-02) and peak Vo, from 141 to 
15-4 ml/kg/minute (p < 0-02). Resting and matched sub- 
maximal workload minute ventilation decreased, though 
peak Vi was unchanged. Resting and submaximal oxygen 
consumption was unchanged. At most submaximal work- 
loads carbon dioxide production decreased, though it 
increased at peak workload. The time taken to reach a 
respiratory quotient of 1 increased from 10-9 to 13-7 
minutes. Respiratory pattern did not change, though there 
was a trend to larger tidal volumes and lower breathing 
rates. The slope of Vi plotted against the Vco, production 
decreased, and the ventilatory carbon dioxide equivalent 
(Vi/Vco, against workload, a measure of Vi normalised for 
carbon dioxide production and workload) started lower 
and reached a lower trough point later. 

In chronic heart failure exercise training improves exer- 
cise capacity, lessens the hyperpnoea of exercise, and 
improves some markers of ventilatory efficiency. 


Characterisation of blood flow through healthy 
and stenosed mitral valves by cine magnetic 
resonance velocity mapping 


R H Mohiaddin, C C Manzara, P J Kilner, 
M Amanuma, D J Pennell, 5 R Underwood, 
D B Longmore 

National Heart and Chest Hospitals, London 


Magnetic resonance imaging is not limited by acoustic 


windows and is capable of accurate blood flow velocity | 


measurement, but it has not been previously used to assess 
valvar stenosis. We measured mitral blood flow with mag- 
netic resonance (MR) phase shift velocity mapping in 10 
healthy volunteers and in seven patients with mitral steno- 
sis. Mitral flow direction was determined from a TE 14 ms 
FEER magnitude acquisition sensitive to signal loss from 
turbulence. Mitral flow velocity (TE 3-6ms) was then 
acquired in two oblique planes, parallel and perpendicular 
to the axis of mitral flow. MR measurements were com- 
‘pared with those from Doppler echocardiography. Peak 
MR mitral flow velocity (mean (SD)) in early diastole was 
68 (12) cm/s, and in atrial systole 39 (10) cm/s with a ratio 
of 1-9 (0-6). These agree with normal values obtained from 
Doppler echocardiography. In patients with mitral steno- 
sis there was persistent flow throughout diastole, which 
was significantly higher than in normals. The average peak 
MR velocity measurement was 189 (47)cm/s compared 
with Doppler velocimetry 204 (56) cm/s. The values corre- 
lated well (r = 0-91). 

Magnetic resonance velocity mapping is a new non- 
invasive method for measuring blood flow velocity through 
the mitral valve, characterising its pattern, and calculating 
pressure half time. This technique is complementary to 
other non-invasive investigations for assessing mitral valve 
disease and evaluating left ventricular diastolic function 
particularly when adequate Doppler measurements are 
difficult. 
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In vitro evaluation of commercially available 
intravascular ultrasound system: comparison of 
ultrasound and histological appearances 


M H Anderson, I A Simpson, Charlotte McCue, 
M J Davies, A J Camm, D E Ward 
St George’s Hospital Medical School, London 


The sensitivity and specificity of a currently available 
intravascular ultrasound (IVUS) system in identifying the 
presence and nature of intracoronary plaque was assessed 
in nine 2 cm sections of coronary artery and one section of 
aortocoronary bypass graft removed from cadavers. Per- 
fusion fixation at arterial pressure maintained their mor- 
phology. Vessels were sutured to a supporting platform 
through which ran a Sonicath 4-8 French gauge 20 MHz 
ultrasound catheter connected to a Diasonics IVUS imag- 
ing system. À screw mechanism enabled the artery to be 
moved enabling imaging at predetermined sites. Indelible 
ink marked the orientation of the artery, which was then 
sectioned at the same level as the IVUS images. Sections 
were photographed with a scale and then prepared for his- 
tological examination. For the purposes of comparison 
each section was divided into four quadrants. Histology 
and IVUS findings were compared in 84 quadrants. 
Significant atheroma was present in 24 quadrants and 
IVUS successfully identified 12 of these. False positive 
diagnosis of atheroma was made in 12 quadrants, giving a 
sensitivity of 50% and a specificity of 81%. Apart from 
highly echogenic areas of calcification no conclusions about 
plaque structure and content could be drawn from the 
IVUS images. Lumen areas measured by IVUS were 
larger by a factor of 2-1 than those measured from the 
photographs. The photographic technique was compared 
with measurements from the histology specimens and 
there was close agreement between the techniques 
(difference «209^, r = 0-93). The discrepancy between 
IVUS and optical techniques in lumen size and plaque 
detail may be.due to poor resolution of the intima by IVUS 
as the system accurately measured the lumen area of similar 
sized plastic tubes. Useful plaque characterisation in small 
and medium sized coronary arteries is likely to require the 
use of higher ultrasound frequencies. 


Detection of coronary disease by cross sectional 
echocardiography during dobutamine stress 


P Mazeika, A Nadazdin, Celia M Oakley 
Clinical Cardiology Unit, Hammersmith Hospital, 
London 


Forty nine patients undergoing cardiac catheterisation for 
suspected coronary disease (CAD) were studied while not 
taking antianginal treatment by cross sectional echo- 
cardiography during incremental dobutamine infusion (5, 
10, 15, and 20 ug/kg/min, each dose for eight minutes). A 
12 lead electrocardiogram (ECG) was taken each minute. 
Parasternal long and short axis and apical four and two 
chamber views were used. End points were a new wall 
motion abnormality (WMA), significant symptoms, ST 
depression or arrhythmia, target heart rate, or systolic 
blood pressure of 220 mm Hg. All had an exercise ECG on 
a different day. Coronary angiography showed CAD 
(>70% stenosis) in 35. Fourteen patients had a WMA at 
baseline. No patient had distressing symptoms or 
important arrhythmia and none required intravenous f) 
blocker. The peak rate-pressure product during dobut- 
amine was 11 967 (3032), 15 851 (4348), 17 915 (3766), and 
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18249 (3993) at 5, 10, 15, and 20 ug/kg/min respectively 
compared with 24 921 (6604) on exercise (p < 0:01). Sensi- 
tivity and specificity of new WMAs for CAD was 63% 
(22/35) and 93% (13/14) respectively compared with 49% 
(17/35) and 71% (10/14) for dobutamine ECG and 74% 
(26/35) and 71% (10/14) for exercise ECG. Eleven of 14 
patients with three vessel disease had a positive stress echo- 
cardiogram compared with 6/12 with single vessel disease; 
the lesion was correctly localised to left anterior descending 
or right coronary/circumflex territories in all six. Colour 
flow mapping (PREF 4kHz, 2-5 MHz transducer) detected 
new transient mitral regurgitation 1n four patients, all with 
CAD; 18 had mild mitral regurgitation pre-test, making 
stress induced changes uninterpretable. 

Dobutamine stress echocardiography is safe, well toler- 
ated, and moderately sensitive particularly in severe CAD 
and can be used in those unable to exercise. 


Relation between cyclic variation in echo 
amplitude and segmental shortening in normal 
and abnormal hearts 


D A Lythall, R B Logan-Sinclair, C J D Isley, 

S S Kushwaha, M. H Yacoub, D G Gibson 

Harefield Hospital, Harefield, Middlesex, and Royal 
Brompton National Heart and Lung Hospital, London 


To investigate the relation between cardiac cycle depend- 
ent variation in reflected myocardial ultrasonography and 
different manifestations of myocardial contraction, regional 
echo amplitude (EA) was evaluated from real time cross 
sectional echocardiographic images in 38 patients. The 
method used for acquiring echo amplitude images allowed 
the assignment of absolute values of echo amplitude by 
using the parietal pericardium as an 1n vivo standard for the 
setting of ultrasound gain. The 38 patients studied consis- 
ted of 19 normal controls, 11 patients with cardiomyopathy 
and impaired ventricular function, and eight patients with 
severe pulmonary hypertension and reversed septal 
motion. This enabled the influence of impaired left ven- 
tricular performance and abnormal wall motion on cyclic 
variation of echo amplitude to be assessed. An index of 
cyclic variation (CVI) was measured, which was defined as 
(end diastolic EA — end systolic EA)/end diastolic EA. 
This allowed the incorporation of background levels of EA 
into the measurement of cyclic variation. CVI was com- 
pared with left ventricular cavity dimension, fractional 
shortening, septal and posterior wall thickness, systolic 
wall thickening, patient's age, and heart rate. Stepwise 
regression analysis showed systolic wall thickening to be 
the most significant independent variable correlated with 
CVI for both septum and posterior wall (r = 0:68, 
p = 0:0001, septum; r = 0-69, p = 0:0001, posterior wall). 
The slopes and intercepts for both regression equations 
were similar, suggesting that the relation between CVI and 
systolic wall thickening was independent of position within 
the myocardial wall. Subgroup analysis showed normal 
controls, patients with cardiomyopathy, and patients with 
pulmonary hypertension to have similar slopes and inter- 
cepts for their individual regression equations, suggesting 
that this relation is independent of left ventricular per- 
formance and abnormal wall motion. 

There therefore seems to be a quantitative relation 
between the extent of cyclic variation of EA and the degree 
of segmental myocardial shortening as measured by sys- 
tolic wall thickening which is not significantly influenced 
by location within the myocardium, left ventricular per- 
formance, or wall motion. 
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Transoesophageal contrast echocardiography and 
colour flow mapping: methods of choice for 
detection of shunts at atrial level 


M A de Belder, L Tourikis, G Leech, A J Camm 
St George’s Hospital Medical School, London 


The detection of shunts at atrial level is important and a 
reliable means of diagnosis is required. Precordial contrast 
echocardiography is usually performed to detect such 
shunts. To investigate the advantages of transoesophageal 
echocardiographic techniques 167 consecutive patients 
were studied with both precordial and transoesophageal 
echocardiography, by using cross sectional imaging with 
contrast techniques (with and without a Valsalva manoeu- 
vre) as well as colour flow mapping. A patent foramen ovale 
was diagnosed in 31 patients, an atrial septal defect in 11 
(seven with bidirectional shunts), and a pulmonary arterio- 
venous fistula in three. All right to left shunts were detected 
with transoesophageal contrast echocardiography. With 
this as a gold standard, the sensitivity of combined pre- 
cordial techniques was 37% and that of transoesophageal 
colour flow mapping 46%. All left to right shunts were 
detected by transoesophageal colour flow mapping. With 
this as a gold standard, the sensitivities of both precordial 
colour flow mapping and a transoesophageal negative right 
atrial contrast study were 27%. 

We conclude that transcesophageal contrast echo- 
cardiography is the echocardiographic method of choice 
for the detection of a right to left shunt at atrial level that 
cannot be excluded by a negative precordial study or a 
negative transoesophageal colour flow map study. A left to 
right shunt at this level is best detected by trans- 
oesophageal colour flow mapping. 


Significance of delayed recovery after digital 
exercise echocardiography 


G Athanasopoulos, A Marsonis, Jayshree Joshi, 
Celia M Oakley, P Nihoyannopoulos 

Hamersmith Hospital, Royal Postgraduate Medical 
School, London 


The aim of the study was to assess the incidence and 
significance of persisting regional wall motion abnormal- 
ities (RWMA) after a symptom limited treadmill exercise 
test (modified Bruce) with digital exercise echo- 
cardiography (DEE). We studied 39 consecutive patients 
with known coronary artery disease, 14 with one vessel, 21 
with two vessel, and four with three vessel disease. RWMA 
analysis was performed with an 11 segment protocol, and 
a total score was provided for a semiquantitative evaluation 
of wall motion (akinesis = 1, hypokinesis = 2, normo- 
kinesis = 3, dyskinesis = —1). Images were acquired and 
digitised on line before and immediately after exercise (<1 
minute) and at five and 10 minutes into the recovery 
period. DEE was considered to be positive when new or 
worsening RWMA were detected immediately after the 
exercise test. Sixteen (41%) patients had a positive DEE 
(5/14 with one vessel, 9/21 with two vessel, and 2/4 with 
three vessel disease). In 7/16 (43%) patients RWMA were 
still present at five minutes and in three out of 16 (19%) at 
10 minutes into recovery. None of the patients with per- 
sistent RWMA at five and 10 minutes had single vessel 
disease, whereas three patients with two vessel and one 
with three vessel disease had early (< five minutes) nor- 
malisation. None of the 23 patients with negative DEE 
developed late RWMA. Patients with delayed RWMA 
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recovery had similar exercise performance and wall motion 
score (27-5 (1:5) delayed v 27-4 (1-6) early) immediately 
after exercise to those of patients who had'an early 
recovery. 

In conclusion, persistent RWMA during’ recovery 
occurred in 43% of patients with positive DEE and were 
related to the presence of multivessel coronary artery 
disease. 


Intravascular ultrasound evaluation of 
interventional procedures 


M H Anderson, I A Simpson, A J Camm, D E Ward 
St George's Hospital Medical School, London 


To evaluate the clinical use of intravascular ultrasound 
(IVUS) we studied six patients undergoing invasive cardi- 
ological procedures (three angioplasty, one atherectomy, 
one aortic valvoplasty, one coronary angiography). An 
0-014 high torque floppy guide wire was positioned in the 
region of interest. A 20 MHz Meditech 4-8 French Soni- 
cath was advanced over the guide wire and connected to a 
Diasonics intravascular ultrasound imaging system. The 
tip of the catheter must be filled with sterile water before 
use. All patients received 5000 units of heparin. Images 
were recorded on videotape and imaging was repeated after 
the interventional procedures. Satisfactory imaging was 
obtained in two patients in whom atheroma was visualised 
before and after angioplasty (one) and atherectomy (one). 
Failure to image was due to failure to cross a coronary 
stenosis (two), excessive movement of catheter (during 
valvoplasty), and failure of one imaging catheter due to 
incorrect filling of its tip. Several problems need to be 
addressed before the more widespread use of this tech- 
nique can be advocated. The imaging plane of this catheter 
is 35cm behind the tip because of the monorail design 
rendering imaging of distal vessels impossible, and fluid 
filling of the catheter tip is a delicate and time consuming 
operation. Although we were able to identify atheroma on 
the images, higher ultrasound frequencies will be needed to 
obtain useful information about intracoronary plaque 
composition. 

IVUS allowed observation of the distribution and gross 
structure of plaques within the coronary arteries, although 
catheter movement prevented useful imaging of the aortic 
valve. In our experience the technique is safe and practical 
but further developments in catheter design are required 
before useful clinical data can be obtained on a regular 
basis. 


Spontaneous variability of left ventricular 
function: assessment with a miniature nuclear 
probe (Cardioscint) 


P Broadhurst, X J Liu, D Hinge, P Cashman, 

E B Raftery, A Lahiri ' 

Department of Cardiology, Northwick Park Hospital, 
Harrow, Middlesex 


Nuclear probes have been used for detecting rapid changes 
in left ventricular function, yet the normal, spontaneous 
variability in such measurements made at the bedside has 
yet to be clearly defined. Nine normal volunteers (eight 
men) of mean age 49 (SD 10) years underwent radionuclide 
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ventriculography in the semisupine position. This was per- 
formed both with a y camera and the Cardioscint, a non- 
imaging. miniature nuclear probe, in randomised order. 
The camera recorded four consecutive images, each acqui- 
sition taking a mean of 7-3 minutes. The probe, with a 20s 
gated acquisition time, recorded left ventricular function 
for about 35 minutes per patient. The mean ejection frac- 
tion of the group was 53% (7)% with the camera and 54% 
(5)% with the probe. When the variability in ejection frac- 
tion measured by the camera was compared with that mea- 
sured by the probe averaged over corresponding time 
periods—that is, an average of 7-3 minutes—their mean 
coefficients of variation were similar (3-99 with the camera 
and 3:1% with the probe). Twenty second probe vari- 
ability over the total acquisition time was also satisfactory 
with a coefficient of variation of 5-495. In only two patients 
was this index of short term variability significantly greater 
than that of the camera despite the camera's longer acquisi- 
tion time. 

Thus the probe provides a stable recording of ejection 
fraction. These “normal” coefficients of variation may now 
provide a basis for the definition of pathological deviations. 


Magnetic resonance assessment of aortic flow 
during dobutamine stress predicts extent of 
myocardial ischaemia 


D J Pennell, S R Underwood, C C Manzara, 

D N Firmin, R H Swanton, J M Walker, 

P A Poole-Wilson, P J Ell, D B Longmore 

Magnetic Resonance Unit, Royal Brompton National 
Heart and Lung Hospital and Middlesex Hospital, 
London 


In patients with coronary artery disease an abnormal 
response of global left ventricular function to stress is diag- 
nostic and predicts prognosis. We examined the value of 
cine magnetic resonance (MR) velocity mapping during 
dobutamine stress in the assessment of parameters of aortic 
blood flow as indicators of ischaemia related ventricular 
dysfunction. We studied ascending aortic flow in five nor- 
mal volunteers and 25 patients, 22 of whom had coronary 
artery disease. The extent of ischaemia was assessed by 
dobutamine/thallium myocardial perfusion tomography. 
MR imaging was performed at rest and during each of four 
stages of a dobutamine infusion from 5—20 ug/kg/minute. 
Stroke volume, cardiac output, peak flow, and peak flow 
acceleration were derived from the instantaneous flow 
measurements through the cardiac cycle. Between baseline 
and peak stress the change in peak flow acceleration was 
higher in controls than in patients with coronary artery 
disease (19-8 (3-5) v 10:8 (4:1), p < 0-001). The change in 
peak flow was also higher in controls (23-1 (3-4) v 16-3 (6-6), 
p < 0-01) but considerable overlap occurred between the 
two groups. Changes in stroke volume and cardiac output 
were not significantly different between the groups. T'here 
was an inverse linear relation between the increase in peak 
flow acceleration and the extent of myocardial ischaemia. A 
fall in peak flow acceleration during stress occurred only in 
patients with moderate or severe ischaemia (p « 0-001). 

A failure to increase peak flow acceleration by 15 1/s? 
identified patients with coronary artery disease with 86% 
sensitivity and 86% specificity. The changes in peak flow 
acceleration predicted the extent of reversible ischaemia. 
A reduction in peak flow acceleration was indicative of 
moderate or severe myocardial ischaemia. 
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Isolation, culture, and characterisation of human 
cardiac microvascular endothelial cells 


Sara A Thorne, S E Abbot, C R Stevens, A T Wood, 
D R Blake, P G Mills 

Inflammation Research Group, The Royal London 
Hospital Medical College, London 


Cardiac microvascular endothelium has been implicated in 
mediating myocardial hypoxic reperfusion injury. Endo- 
thelial cell heterogeneity may preclude the application of 
data from non-cardiac or animal endothelial cell in vitro 
studies to the situation in the human heart. We therefore 
performed the isolation, culture, and characterisation of 
human cardiac microvascular endothelial cells; this has not 
been previously described, perhaps partly because of the 
limited tissue availability and the fastidious nature of adult 
mucrovascular endothelial cells in culture. Fresh tissues 
were obtained from operative specimens (mitral valve 
papillary muscles, right atrial appendages (RAA), and 
whole cardiac explants). Endocardial and epicardial sur- 
faces, fibrous tissue, and macroscopic blood vessels were 
excised. RAA endocardium was rendered non-viable by 
immersion in absolute alcohol followed by washing in 
Hank’s balanced salt solution. Endothelial cells were 
isolated by mincing the tissue into 2 mm? pieces and incu- 
bating with a 0-5% crude collagenase solution containing 
100 mM calcium chloride (to ensure non-viability of con- 
taminating myocytes). Capillary segments were expressed 
from the digest with a flat spatula. Material was disaggre- 
gated and filtered through a 250 um mesh to remove large 
tissue pieces. The filtrate was centrifuged and the pellet 
resuspended in culture medium and incubated at 37?C. 
After 24 hours the cells were washed and the medium 
replaced, thus removing debris and leaving the adherent 
endothelial cells. Confluent cultures were passaged every 
10-14 days. The endothelial nature of the cultured cells 
was confirmed by electron microscopy, by characteristic 
granular staining for von Willebrand factor, and by stain- 
ing with the endothelial cell specific monoclonal antibody 
QB-END]/10. To ascertain the optimal site for endothelial 
cell extraction, source tissues were also ummunostained 
with the above endothelial cell markers. Morphometric 
studies demonstrated that all tissues contained high endo- 
thelial cell densities. However, sections from the left ven- 
tricle were found to contain a significantly greater density 
of microvascular endothelial cells (mean 486 mm^) than 
either RAA (mean 288 mm^) or papillary muscle (mean 
336 mm?) (p < 0-05 with a Student's t test). Thus when 
available left ventricular myocardium will be used to gain 
the maximum endothelial cell yield. 


Ultrasonic tissue characterisation for detecting 
acute cardiac rejection in humans 


D A Lythall, D G Gibson, R B Logan-Sinclair, 

CJD Usley, A G Mitchell, M H Yacoub 

Harefield Hospital, Harefield, Middlesex, and Royal 
Brompton National Heart and Lung Hospital, London 


Myocardial echo amplitude was measured in 81 patients 
12-2939 days (mean 473 (SD 575) days) after orthotopic 
cardiac transplantation. Patient age was 15-65 years (44-4 
(12:3) years). A total of 105 echo amplitude studies were 
performed within 24 hours of right ventricular endomyo- 
cardial biopsy. Echo amplitude was determined by analysis 
of long axis parasternal cross sectional echocardiographic 
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images acquired..with a 3 5 MHz mechanical sector scan- 
ner. Each image was standardised by setting the master 
gain to display the posterior parietal pericardium at the 
highest level of echo amplitude and using linear depth 
compensation at 2dB/cm. For analysis selected video 
frames were transferred from tape to a frame store and echo 
amplitude determined in areas of interest in the basal sep- 
tum and left ventricular wall with the help of a computer. 
In 25 studies acute cardiac rejection was confirmed by 
histology. End diastolic myocardial echo amplitude was 
markedly and significantly increased in both the inter- 
ventricular septum and posterior wall during acute rejec- 
tion (septum, 9-7 (29) dB v 5-6 (20) dB; posterior wall, 
10 0 (2-8) dB v 7-8 (2:2) dB; p < 0 001). With a value of end 
diastolic echo amplitude in the septum of 6:9dB as a 
marker of rejection, the sensitivity of this technique for 
detecting rejection was 94% and its specificity 79%. We 
suggest that this increase in myocardial echo amplitude is 
related to altered acoustic properties within the myo- 
cardium associated with the increased myocardial water 
content that occurs during acute cardiac rejection. 

These data support the usefulness of myocardial echo 
amplitude as a non-invasive marker of cardiac rejection 
and show that it is possible to measure echo amplitude 
with modified commercially available echocardiographic 
equipment. 


Magnetic resonance screening of cardiac 
transplant rejection by T2 parametric map of the 
left ventricle: correlations with endomyocardial 


biopsy 


J S Gill, G J Hunter, J B Bingham, M J Graves, 

P Graves, J Pepper 

Department of Cardiological Sciences, St George's 
Hospital Medical School and Department of Radiology, 
Guy's Hospital, London 


This study evaluates the applicability of magnetic reso- 
nance imaging screening of cardiac transplant recipients as 
an alternative to serial right ventricular biopsy assessments 
of rejection. T'he myocardial pattern of T2 relaxation times 
was determined in eight patients who had received a car- 
diac transplant at least three months previously and in 
three control subjects. A 1:5 T system was used with aqui- 
sition 1n a parasaggital oblique section, yielding a short axis 
view of the ventricle midway between the apex and base. 
Each patient had undergone endomyocardial biopsy within 
five days of the magnetic resonance imaging (MRI) scan. 
The mean segmental T2 value in the control subjects was 
371-2 (71-8) ms. Two patients had segmental T2 values in the 
normal range ( « 52:8 ms) with no-evidence of rejection on 
biopsy. Three patients had unequivocally raised T2 values 
(>58ms) in some segments of the left ventricle, with 
biopsy positive evidence of rejection. Two of these under- 
went repeat MRI after treatment of rejection, and the MRI 
maps returned to normal, as did the results on biopsy. 
Three patients had partial segmental T2 elevation with 
normal results on biopsy. These abnormal segments were 
distant from the biopsy sites and would be consistent with 
the patchy nature of the cardiac rejection process as 
Observed in pathological studies. 

We conclude that MRI may be a useful tool for the serial 
assessment of cardiac rejection, thereby reducing the rate 
and risks of invasive right ventricular biopsy. This method 
may also provide a more complete picture of the rejection 
process than has previously been possible. 
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Low phosphocreatine to ATP ratio detected in 
vivo in failing human hypertrophied myocardium 
by phosphorus-31 magnetic resonance 
spectroscopy 


M-A Conway, J Allis, R Ouwerkerk, B Rajagopalan, 
G K Radda E dr 
MRC Biochemical and Clinical Magnetic Resonance 
Unit, John Radcliffe Hospital, Oxford 


Non-invasive detection of deterioration in cardiac metab- 
olism would be valuable in deciding on the timing for 
surgery in patients with myocardial hypertrophy due to 
aortic valve disease. Phosphorus-31 magnetic resonance 
spectroscopy was therefore used to examine 17 patients, 
seven of whom complained of syimptoms of heart failure 
due to either aortic stenosis (10) or aortic incompetence 
(seven). Spectra.were collected by using a 1:9 Tesla 60 cm 
bore magnet and myocardial energy state was assessed 
from the ratio of the phosphocreatine (PCr) to ATP con- 
centration. The left ventricular free wall thickness was sim- 
ilar-in both groups (aortic stenosis, 1-6 (0-4) cm v aortic 
incompetence, 1-4 (0-4) cm; NS). Seven patients (ejection 
fraction 37-7% (17%)) were taking diuretics for symptoms 
of heart failure (New York Heart Association class I/II). 
The ratio of PCr to ATP.in these patients (0-93 (0-16)) was 
lower than that in controls (n — 13, 1:5 (0-2); p « 0:001) or 
in those who were not taking diuretics (1:52 (0:2); 
p < 0-001). The ratio of phosphodiester to ATP (0:86 
(0-2)) was not significantly different from that in controls 
(0-7 (0-16). 

These findings indicate that the ratio of PCr to ATP'is 


a sensitive marker of impairment in cardiac metabolism in ` 


patients with myocardial hypertrophy who require 
treatment for fluid retention. The role of this index in 
determining the optimum time for aortic valve replacement 
is being examined. 


. 
Long term prognostic significance of total 
ischaemic burden and silent ischaemia in patients 
with unstable angina stabilised with medical 
treatment 


G M C Rosano, F Romeo, V Rosano, E Martuscelli, 
A Reale 

Department of Cardiology II, University of Rome; 
Catania; Vibo Valentia 


The aim of this study was to assess the long term prognos- 
tic significance of total ischaemic burden and silent 
ischaemia in 76 patients with unstable angina stabilised 
with medical treatment. All patients underwent Holter 
monitoring for at least 48 hours, beginning during the first 
12 hours after hospitalisation. Total ischaemic burden 
> 60 minutes was present in 43 patients (group A) while 33 
patients (group B) had a total ischaemic burden <60 
minutes. Over 78% of the ischaemic episodes of patients in 
group A and 62% of those of patients in group B were silent 
(p «-0-05); nine patients in group A and six in group B had 
only silent episodes. Patients in group A frequently showed 
three vessel disease (65% v 18%, p < 0-01), angiographical 
findings of subocclusion of the coronary arteries (grade 
TIMI I) (76-794, v 42-495, p < 0-01), and ischaemic alter- 
ations in a resting electrocardiogram (51:295 v 30-395, 
p < 0-05). During six years of follow up 15 patients in 
group A and eight patients in group B experienced myo- 
cardial infarction (p « 0-01); nine patients in group À and 
four in group B. required coronary artery surgery 
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(p « 0-05) and 10 patients in group A and four in group B 
died from cardiac causes (p « 0-001). The Cox’s propor- 
tional function analysis showed three vessel disease to be 
the most important predictor of cardiac mortality and mor- 


_ bidity (p. = 0-025), followed in predictive power by a total 


ischaemic burden >60 minutes. The presence of silent 


` ischaernia was not an independent predictor of long term — 


morbidity and mortality. 

In conclusion, patients with unstable angina and total 
ischaemic burden 260 minutes have frequently silent 
ischaemic episodes on Holter monitoring, a greater extent 
of coronary atherosclerosis, and ischaemic alterations in 
the resting electrocardiogram. The long term prognosis of 
patients with unstable angina stabilised with medical treat- 
ment depends on the extent of coronary atherosclerosis and 
total ischaemic burden but not on the presence of silent 
ischaemia. 


Adjuvant xamoterol or metoprolol for control of 
amiodarone resistant ventricular tachycardia in 
patients with impaired left ventricular function 


Y Bashir, V E Paul; M J Griffith, Sheila Gibson; 
D E Ward, A J Camm 
St George's Hospital Medical School, London 


B Blockers may be effective in combination with amı- 
odarone in controlling ventricular tachycardia (VT) but are 
often limited by their negative chronotropic and inotropic 
effects, particularly in patients with left.ventricular (L'V) 
dysfünction. Use of xamoterol, a partial f agonist, may 
avoid some of these drawbacks. The antiarrhythmic 
efficacy of xamoterol and metoprolol as adjuvant treatment 
to amiodarone was assessed by a randomised crossover 
study in 19 patients with LV dysfunction (ejection fraction 
« 3095) and recurrent sustained VT (incessant in four 
cases) despite treatment with amiodarone for >2 weeks 
and other drugs (2-7, median four failures). The three 
regimens (amiodarone, xamoterol and amiodarone, and 
metoprolo and amiodarone) were compared by pro- 
grammed electrical stimulation and exercise testing. Five 
patients were unable to tolerate metoprolol and one was 
unable to tolerate xamoterol because of haernodynamic 
deterioration. The combination of xamoterol and 
amiodarone was more effective than amiodarone alone or 
metoprolol and amiodarone in controlling VT induced at 
programmed electrical stimulation (p < 0-02). Overall, 
xamoterol and amiodarone produced complete or partial 
suppression in 13 out of 19 patients with inducible VT with 
amiodarone alone, although there was no significant 
change in ventricular effective refractory period or tachy- 
cardia cycle length. Both combinations of xamoterol with 
amiodarone and metoprolol with amiodarone reduced peak 
heart rate on exercise compared with amiodarone (108 (15) 
and 98 (16) v 128 (19) beats/minute; p < 0:01) and sup- 
pressed exercise induced VT in three out of four cases. 
Eleven patients were discharged taking xamoterol and 
amiodarone and one taking metoprolol and amiodarone. 
During follow up (1-24 months) recurrent VT developed 
in two patients within six weeks and in one patient at 11 
months. The remainder were free of tachycardia. 

We conclude that xamoterol is more effective and better 
tolerated than metoprolol as adjuvant treatment for 
controlling amiodarone resistant VT in patients with poor 
LV function. Even in patients with antitachycardia devices 


. xamoterol and amiodarone may be of value in reducing the 


frequency of attacks and facilitating tachycardia recog- 
nition by rate criteria. 
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Predictors of induced arrhythmia suppression 
and long term efficacy of oral sotalol in patients 
with drug refractory ventricular arrhythmias 


A C Rankin, L Hamilton, D Du, J Newell, H Garan, 

J N Ruskin, B A McGovern 

Massachusetts General Hospital, Boston, Massachusetts, 
United States 


Predictors of efficacy of sotalol, a f adrenergic receptor 
blocking agent with class III antiarrhythmic action, were 
evaluated in 161 patients with drug refractory ventricular 
arrhythmias. There were 138 men and 23 women aged 
20—88 (mean 61) years. The majority (89%) had coronary 
artery disease and the mean left ventricular ejection frac- 
tion was 41% (SD13%). Their presenting clinical arrhyth- 
mia was ventricular tachycardia (VT) in 115, ventricular 
fibrillation (VF) in 28, and symptomatic non-sustained VT 
(NSVT) in 18. Sotalol was not used in patients with 
uncompensated heart failure, a left ventricular ejection 
fraction of less than 20%, or severe bronchospasm. In 39 
out of 131 patients with sustained ventricular arrhythmia 
induced by programmed stimulation sotalol suppressed 
the arrhythmia. Multiple regression analysis of clinical 
variables identified four factors associated with sup- 
pression of induced arrhythmia by sotalol: (a) the clinical 
arrhythmia (p < 0:0005), (b) the absence of coronary artery 
disease (p « 0:05), (c) a higher left ventricular ejection 
fraction (p « 0:05), and (d) a shorter cycle length of the 
induced arrhythmia before drug treatment (p « 0-05). The 
best multivariable model used only the arrhythmia and 
coronary artery disease as independent predictors of 
arrhythmia suppression, with a predictive accuracy of 
74%. For example, the probability of arrhythmia sup- 
pression by sotalol for patients presenting with VT, VF, 
and NSVT was 21%, 59%, and 73% for patients with 
coronary artery disease and 52%, 92%, and 96% for those 
without. Seventy seven patients were discharged taking 
long term oral sotalol. Patients were followed up for a max- 
imum of five years (mean 18:3 (SD 15-6) months). There 
were five sudden deaths and 10 recurrences of non-fatal 
sustained arrhythmia and four patients had symptomatic 
NSVT. Actuarial life table analysis showed that arrhyth- 
mia free survival was 88% at six months, 78% at one year, 
and 65% at two years. Multivariable analysis identified 
persisting inducibility, clinical arrhythmia, and age as pre- 
dictors of recurrence. Event free survival at two years for 
patients with no inducible VT or VF with sotalol treatment 
was 85% and for those still inducible it was 49% 
(p < 0-05). Seventeen out of 28 (61%) patients with VF 
at presentation were treated with long term sotalol with 
no recurrence of arrhythmia during a mean follow up of 
22 months. 

In conclusion, clinical VT and coronary artery disease 
are predictors of persisting arrhythmia inducibility with 
sotalol treatment, which in turn is a predictor of arrhyth- 
mia recurrence. When inducible VT or VF is suppressed 
sotalol provides effective long term treatment, especially 
for patients presenting with VF. 


Surgical management of arrhythmogenic right 
ventricular dysplasia 


K Nimkhedkar, S S Furniss, J P Bourke, B Glenville, 
J M McComb, C J Hilton, R W F Campbell 
Academic Cardiology, Freeman Hospital, Newcastle 
upon Tyne 


Arrhythmogenic right ventricular dysplasia (ARVD) is a 
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rare but important cause of ventricular tachycardia (VT), 
particularly in young males. Ten patients (nine men, mean 
age 39 years) with ARVD underwent surgery for arrhyth- 
mia control. All were refractory to medical treatment and 
treatment with a minimum of three drugs (mean five), 
including amiodarone, had failed. All had a history of syn- 
cope and six had a history of cardiac arrest; tbree had a 
family history compatible with ARVD. At operation the 
right ventricle (RV) was grossly diseased. Sustained mono- 
morphic or multimorphic VT was induced and mapped 
intraoperatively in all patients. One patient underwent 
cryoablation of an arrhythmogenic focus in the upper part 
of the RV septum. À disarticulation procedure was per- 
formed in the remaining nine and was partial (approxi- 
mately 40% of the RV free wall) in four and total (complete 
electrical isolation of RV from LV) in five. During mean 
follow up of 21 months three patients had recurrences of 
VT of new configuration. All were well tolerated and easily 
controlled by drug treatment. Four of the nine patients 
who underwent RV disarticulation experienced post- 
operative heart failure but all improved progressively with 
the development of paradoxical septal motion. All 10 
patients were arrhythmia free and their condition was New 
York Heart Association functional class I/II at last review. 

Surgery effectively controls VT related to ARVD. It 
should be recommended to patients with ARVD whose 
arrhythmias are posing a threat to life or are frequent 
despite drug treatment. 


Management of refractory ventricular 
arrhythmias: endocardial resection or 
implantable defibrillator? 


G Kaye, W Baig, A Murday, P Kay, E J Perrins, 

C Cowan 

Department of Cardiology, Leeds General Infirmary, 
Leeds 


During an 18 month period 20 consecutive patients, all 
men (mean age 62 (15) years, range 55—70) were treated 
with antiarrhythmic surgery or an implantable cardio- 
verter defibrillator (ICD) for malignant ventricular 
arrhythmias. Nineteen patients underwent myocardial 
revascularisation (CAVBG or LIMA (n = 2)). In addition, 
eight patients had map guided endocardial resection 
(MGER), in two of whom cryoablation was also 
performed. Two patients had left ventricular aneurys- 
mectomy. Three patients died (38%) postoperatively of 
pump failure. Epicardial patches were inserted in three of 
the five survivors, all of whom were non-inducible 10 days 
after operation, and there have been no recurrent 
arrhythmias at a mean follow up of 13 months (range 5-20). 
Twelve patients were selected for ICD. T'wo patients died 
postoperatively of pump failure and one patient was non- 
inducible after CAVBG alone. Nine patients received an 
ICD. All patients were alive at a mean follow up of 11 - 
months (3-17). One patient developed atrial flutter 12 
months after implantation causing inappropriate 
defibrillation. 

Although the study group is small, the results suggest 
that in addition to myocardial revascularisation, MGER is 
indicated in monomorphic VT. ICD should be reserved 
for cases with poor left ventricular function, infrequent 
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arrhythmias, and inferior scars 
resection is technically difficult. 


where endocardial 


Antitachycardia pacemaker/automatic 
implantable cardioverter defibrillator in patients 
with frequently recurring ventricular tachycardia 


A C Rankin, S Zaim, B A McGovern, H Garan, 

J N Ruskin 

Massachusetts General Hospital, Boston, Massachusetts, 
United States 


Ventricular tachycardia which recurs frequently is a rela- 
tive contraindication to implantation of an automatic 
implantable cardioverter defibrillator (AICD) because of 
multiple shocks and battery depletion. Antitachycardia 
pacing is an alternative treatment, but pacing may acclerate 
arrhythmias. An automatic implantable programmable 
device (Ventritex V-100) which delivered tiered therapy 
(antitachycardia pacing, low energy or high energy shocks) 
in response to detected arrhythmias was studied in 22 
patients with drug refractory recurrent ventricular tachy- 
cardia. There were 20 males and two females, aged 14 to 78 
(mean 6l) years. Twenty had coronary artery disease. 
Mean left ventricular ejection fraction was 32%. Non- 
invasive programmed stimulation after device implant- 
ation confirmed successful termination of induced 
ventricular tachycardia by antitachycardia pacing in 19 
patients, failure of antitachycardia pacing in two, and 
induction of rapid ventricular tachycardia terminated by 
cardioversion in one. Acceleration of induced ventricular 
tachycardia by antitachycardia pacing was observed in four 
patients. During follow up of 1-13 months (mean 5:8 
months) there were no deaths. Spontaneous ventricular 
fibrillation and ventricular tachycardia recurred in one and 
16 patients, respectively. The time interval to recurrence of 
ventricular tachycardia ranged from three days to four 
months (mean 4-6 weeks) and was less than one month in 
11 patients. Assessment of arrhythmias and therapy deliv- 
ered was obtained by interrogation of the device and 
retrieval of stored intracardiac electrograms. The number 
of episodes of ventricular tachycardia per patient ranged 
from one to 150. Six patients had more than 50 episodes 
within five months. Rates of spontaneous tachycardia 
ranged from 130 to 210 beats/minute (mean 157 
beats/minute). Spontaneous ventricular tachycardia was 
terminated by antitachycardia pacing in 15 out of 16 
patients, in 87% of episodes. Acceleration of ventricular 
tachycardia by antitachycardia pacing was documented in 
eight patients, with ventricular fibrillation in 13 episodes. 
In only two of these eight patients had acceleration of 
patients had acceleration of ventricular tachycardia by 
antitachycardia pacing been demonstrated at previous 
non-invasive programmed stimulation. Failure of anti- 
tachycardia pacing was observed in five patients, but in 
only one was it never successful. Eight patients received 
shocks for ventricular arrhythmias. Inappropriate therapy 
was delivered in eight patients (during sinus tachycardia in 
two and atrial fibrillation in five and because of sensing lead 
fracture in one), with five of the eight receiving inap- 
propriate shocks. Failure to detect ventricular tachycardia 
occurred in two patients because the tachycardia rate was 
below the detection rate. 

In conclusion, antitachycardia pacing is effective in 
terminating ventricular tachycardia in patients with fre- 
quently recurring arrhythmia. Acceleration to life threat- 
ening arrhythmias, which require high energy shocks, may 
not be predicted by responses to induced arrhythmia. 
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Recognition of ventricular tachycardia by 
intracardiac electrogram cross phase spectra 


R C Saumarez, V Paul, A J Murphy, A J Camm 
St George's Hospital Medical School, London 


A mathematical theory of ventricular tachycardia (VT) 
recognition for use in implantable devices has been devel- 
oped that separates electrograms into components deter- 
mined by the activation sequence and components due to 
action potential (AP) shape which may be discarded. The 
delays in depolarisation of individual myocytes result in a 
linear phase shift with frequency in the Fourier series (FS) 
of their APs. The FS of the recorded electrogram can be 
calculated by summation of the FS of all the APs in the 
electrode receptive field after weighting their amplitudes to 
account for their distances from the electrode and inter- 
vening tissue resistances and geometry. The difference in 
the phase of the FS of electrograms at two sites in the 
ventricle, the cross phase spectrum, depends on the relative 
delays in activation of myocytes in the two receptive fields 
and is independent of the AP morphology, provided that its 
dispersion within the electrode receptive field is small. 
This gives a theoretical basis for using the cross phase 
spectrum to detect the changes in activation between sinus 
rhythm and VT. Right ventricular bipolar electrograms 
were obtained in 24 episodes of VT in 21 patients with 
ischaemic heart disease and cardiomyopathy (three spon- 
taneous, eight exercise induced, and 13 programmed stim- 
ulation), during exercise in 12 patients and over 24 hours 
in nine. The cross phase spectrum in sinus rhythm and 
during VT fell into separable distributions in 22 episodes. 
Studies of exercise induced and long term variability of the 
cross phase spectrum show that an adaptive template is 
required as the use of a static sinus rhythm template to 
detect VT would result in more than 50% non-specificity. 

The cross phase spectrum is a highly sensitive method of 
detecting activation sequence changes during VT, but the 
physiological variability of intracardiac electrograms 
requires that adaptive methods of detecting abrupt changes 
in the cross phase spectrum are implemented to avoid false 
positive detection of VT. 


Heterotopic heart transplantation in ischaemic 
heart disease: role of adjunctive surgery to 
recipient heart 


P D Ridley, A Khaghani, F Musumeci, R Favaloro, 
S Akl, N Banner, A G Mitchell, M Yacoub 
Department of Cardiac Surgery, Harefield Hospital, 
Harefield, Middlesex 


The role of heterotopic cardiac transplantation in coronary 
heart disease has not been defined. Between 1983 and 1988 
a group of 28 patients with end stage ischaemic heart dis- 
ease was managed by heterotopic heart transplantation and 
adjunctive surgery to the recipient heart (coronary artery 
bypass grafts and aneurysmectomy 20, coronary artery 
bypass grafts five, and aneurysmectomy three). Indications 
were feasibility of operative procedures to the recipient 
heart and small donor size (54% of the donors « 15 years). 
‘There were six deaths. The one year and five year actuarial 
survival was 79% and 63%. Of the 22 patients who sur- 
vived to two years of follow up, all of whom were severely 
limited (New York Heart Association grade III/IV) pre- 
operatively, 20 were in categories I or II at two year follow 
up (p « 0-0001). Only one experienced angina at two years 
compared with 15 preoperatively (p « 0:001). In 14 out of 
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22 (64%) patients the recipient heart augmented the donor 
cardiac output significantly, and in four the recipient heart 
supported the patient when the donor heart failed to eject. 
The coronary artery bypass graft patency was 79% (23/29) 
at two years and 50% (8/16) at five years: Thromboembolic 
complications were rare (transient ischaemic attacks in two 
patients). The incidence of accelerated coronary artery dis- 
ease in donor hearts was 9% (2/22) at two years and 36% 
(4/11) at five years. 

In conclusion, this series shows the efficacy of hetero- 
topic transplantation combined with surgery to the recipi- 
ent heart in managing patients with end stage ischaemic 
heart disease. 


. Adrenoceptor density in donor heart: 
a guide to prognosis? 


M R Chester, D B Barnett, M Yacoub 

National Heart and Lung Institute, London; Harefield 
Hospital, Middlesex; and Leicester University 
Department of Pharmacology, Leicester 


Early intractable cardiac failure unrelated to rejection isa 


recognised complication of orthotopic cardiac trans- 
‘plantation. Donor hearts are usually obtained from brain 
dead subjects dying in situations in which myocardial 
damage is known to occur via excess activation of the 
sympathetic adrenergic pathway. f Adrenoceptor density 
down regulation is related to excess catecholamine 
exposure and a reduction in the density seems to contribute 
to the reduced physiological responsiveness of the failing 
heart. To test whether there is a relation between f adre- 
noceptor density in the donor heart and the outcome for the 
recipient we retrospectively examined 31 donors not 
requiring inotropic support in whom right ventricular 
endomyocardial biopsy specimens had been obtained 
immediately before implantation. Radioligand binding 
saturation. isotherms with 125-iodopindolol were per- 
formed on homogenate preparations and receptor density 
was determined with a non-linear regression curve fitting 
programme. Total 8 adrenoceptor density in the donor 
heart biopsy specimens where the recipient developed 
cardiac failure immediately after transplantation and died 
in the perioperative month was significantly lower than 
that in the successful donors where the recipient 
survived for at least six months (14 (2) fmol/mg protein 
(n = 8) v 22 (1:5)fmol/mg protein (n = 23), p < 0-05 
Mann-Whitney-Wilcoxon). 

This study suggests that evaluation of f adrenoceptor 
density in the donor myocardium may help to identify 
hearts associated with a poor surgical outlook. 


Hypomagnesaemia and myocardial magnesium 
depletion after cardiac transplantation 


Teri Mullane, Jessica M Mann, S Devarajan, D W Holt, 
W J McKenna 

Department of Cardiological Sciences, St George's 
Hospital Medical School, London 


Hypomagnesaemia is associated with cyclosporin used 
after organ transplantation. There are no data pertaining to 
the magnesium (Mg) state of cardiac transplant recipients. 
Prospectively we studied 12 consecutive patients who 
underwent cardiac transplantation between January and 
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June 1990. Serum and myocardial Mg content were mea- 
sured at the time of endomyocardial biopsy at two weeks 
and three months after transplantation. In the six patients 
who received transplants earlier in the year measurements 
were repeated at six months. Myocardial Mg was measured 
in a single myocardial biopsy specimen by atomic absorp- 
tion spectrometry and expressed as umol Mg per gram dry 
weight myocardium. Serum Mg fell significantly from a 
mean (SD) of 0-74 (0-12) at two weeks after transplantation 
to 0-61 (0-08) mmol/l at three months (p < 0-002; paired t 
test). At three months 50% of patients were significantly 
hypomagnesaemic (serum Mg < 0-60). One patient devel- 
oped disabling neurological signs of Mg deficiency (blood 
cyclosporin was within the therapeutic range), which 
responded dramatically to treatment with intravenous Mg 
sulphate. Myocardial Mg concentrations were similarly 
affected, with a mean myocardial Mg of 32-2 (4 7) umol/g 
at two weeks falling to 29-4 (3.9) at three months 
(p « 0:04). In two patients myocardial Mg concentrations 
were severely depressed at two weeks («25 umol/g), 
remaining substantially unchanged over subsequent 
weeks. In the patients followed up for six months mean 
serum Mg concentration had risen slightly but was still 
depressed at 0-65 (0:09) mmol/l (two weeks v six months; 
NS) with four-out-of-six patients remaining hypo- 
magnesaemic. There was a suggestion of further 
myocardial Mg depletion (27 4 (5-2) umol/g; p < 0-06), 
and in only one patient was the rise in serum magnesium 
concentration over the three to six month period paralled 
by an increase in myocardial Mg content. 

We have shown that hypomagnesaemia and myocardial 
Mg depletion occur commonly in the post-transplant 
period. Serum Mg concentration tends to normalise six 
months after transplantation, but this is not accompanied 
by myocardial Mg repletion in most cases. Further studies 
are needed to investigate the clinical consequences of this 
observation and to establish the mechanism of Mg loss. 


Functional assessment of left ventricular 
performance in transplanted human hearts 


J T Stewart, I A Simpson, C Callicott, R E Smith, 
J R Pepper, W J McKenna 
St George's Hospital Medical School, London 


Denervation of the heart in animals alters myocardial sub- 
strate handling and may influence myocardial mechanical 
efhciency. To investigate mechanical performance in the 
denervated human heart, left ventricular (LV) mechanical 
efficiency was calculated from LV heat production and LV 
energy supply (oxygen utilisation) in five patients who had 
undergone orthotopic cardiac transplantation. This was 
compared with LV mechanical efficiency in a control group 
of eight patients with non-cardiac chest pain. The trans- 
plant recipients were male, aged 39-53 (mean 44 5) years 
and had undergone transplantation 1—3 (median 2) years 
earlier. None had clinical or histological evidence of rejec- 
tion and none was taking cardioactive drugs. The control 
group (four men, four women) were aged 37-71 (mean 
53:5) years. All patients had normal LV function (ejection 
fraction 0-63 (0-06) m the controls and 0-67 (0-03) in the 
transplant recipients, NS) and normal epicardial coronary 
arteries. Energy supply to the myocardium in each group 
was similar (4:4 (1 7) v 47 (0-4) W, NS), but more energy 
was wasted as heat in the transplant recipients (2-4 (1 0) v 
36 (04)W, p= 002). LV mechanical efficiency was 
reduced in the transplant group to 24-695 (3-895) com- 
pared with 44:2% (9-67) in the controls (p = 0:001). 
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Despite the normal clinical and angiographic findings, 
there-is evidence that LV energetics are abnormal in trans- 
planted human hearts. Whether the mechanism is due to 
denervation is unclear, but the reduced mechanical 
efficiency of the left ventricle in transplanted human hearts 
may have important long term clinical implications. 


Doppler echocardiographic studies of flow in the 
superior vena.cava: a sensitive and specific 
marker of acute cardiac rejection 


M B Simmonds, D A Lythall, C Slorach, C.D J Ilsley, 
A G Mitchell, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


Doppler echocardiographic studies of superior vena cava 
(SVC) and pulimonary vein flow have shown.a significant 
increase in the ratio of diastolic to systolic flow in patients 
with myocardial restriction. As changes resembling those 
seen in myocardial restriction have'been observed during 
acute cardiac rejection, SVC Doppler flow was evaluated as 
a marker of acute rejection after orthotopic cardiac trans- 
plantation. Bighteen patients were studied, of whom six 
(heart rate 104 (SD 16) beats/minute; age 54 (5) years; time 


since transplantation 6:3 (11-7) months; ischaemic time 167- 
(60) minutes; donor age 31 (10) years) had histological . 


criteria of rejection on endomyocardial biopsy performed 
within 24 hours. The remaining 12 patients (two women, 
heart rate 91 (15) beats/minute; age 51 (9) years; time since 
transplantation 15.(13) months; ischaemic time 122 (47) 
minutes; donor age 30 (8) years) were free from rejection. 
Pulsed wave Doppler studies of SVC flow were recorded in 


the supine position with a 5 MHz transducer and a ` 


Hewlett-Packard Sonos 500/1000 ultrasound system. 
Simultaneous phonocardiogram and respiratory tracings 


were recorded. Peak flow velocities (PFV) and flow velocity - 
integrals (FVI) of SVC systolic and diastolic forward flow. 


were measured. In the rejection group a marked and 


significant fall in systolic PFV compared with that in the: 


non-rejection group was observed during all phases of 
respiration (6-8 (7-7) cm/s v 26:8 (9-8) cm/s (p < 0-001) at 
end expiratory apnoea; 14-1 (21-1) cm/s v 33-4 (17-2) cm/s 


(p < 0-05) at end inspiration; 9:4 (7-6)cm/s v 22-1 


(9-0) cm/s (p < 0:02) at end expiration). Importantly, the 
pattern of SVC flow did not seem to be affected by the 
timing of recipient atrial activity. If a value for SVC sys- 
tolic flow velocity of x: 17 cm/s at end expiratory apnoea is 


chosen as indicating rejection then sensivity was’100%, - 


specificity 75%, and predictive accuracy 83%. 

These changes in SVC flow probably reflect restricted 
right ventricular filling due to myocardial oedema associ- 
ated with acute rejection. Thus the examination of SVC 
flow provides a sensitive and specific marker of acute 
cardiac rejection. 


Demonstration of proliferating cell nuclear 
antigen in myocardial biopsy specimens after 
cardiac transplantation 


M J Davies, S Jennison, J Mann 
` ‘St George's" Hospital Medical Schools: Eondon” r~ -+-> ı 


Proliferating cell nuclear antigen (PCNA) is the poly- 
merase 6 accessory protein required for nuclear DNA syn- 
thesis. Specific monoclonal antibodies to PCNA can be 
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used on histological sections to identify cells that are about 
to proliferate. PCNA containing cells were counted in the 
myocardial biopsy specimens taken in the management of 
cardiac transplantation. Positive marking was observed in 
up to 5% of myocyte nuclei, beginning with the first biopsy 
specimen taken at two weeks and continuing until a steady 
clinical state was reached. Positive nuclear marking was 
also seen in the interstitial connective tissue cells and in 
lymphoreticular cells during episodes of rejection. The 
number of positive cells correlates with thé degree of rejec- 
tion by conventional histological criteria. Severe rejection 
with myocytolysis was associated with positive counts of 
over 200 nuclei per mm? of tissue. Initiation of treatment 


" caused a very rapid decline in the number of positive cells 


and occurred before the interstitial cellularity declined. 
Analysis of biopsy specimens preceding an episode of 
rejection did not show an increase of positive cells. 

The presence of PCNA positive cells is thus not a 
sensitive means of predicting subsequent rejection but can 
confirm that rejection has been controlled. 


Fibrinolytic treatment for unstable angina: double 
blind placebo controlled trial with alteplase 


M J Roberts, A J McNeill, G W N Dalzell, 

D J Flannery, C M Wilson, G C Patterson, S W Webb, 
N P S Campbell, M M Khan, A O Molajo, A A J Adgey 
Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast 


In patients with acute unstable angina subtotal thrombotic 
coronary occlusion has been described. We studied 80 con- 
secutive patients (56 male, mean age 61 years) with acute 
angina at rest (215 minutes) and ST segment depression 
of zimm in any electrocardiogram lead. Twenty nine 
patients had had a previous myocardial infarction. All 
patients received oral aspirin and intravenous heparin and 
-were randomised to group A (alteplase 100 mg) and group 
B (placebo) given over three hours. Within three days of 
admission coronary arteriography in 37 out of 40 patients 
from each group showed similar significant coronary 
lesions (250% luminal stenosis)—eight patients with 
single vessel, 14 with double vessel, and 14 with triple 
vessel disease in group A compared with seven patients 
with single vessel, 13 with double vessel, and 13 with triple 
vessel disease in group B: Five patients had no coronary 
stenoses (one in group A, four in group B) and there were 
four left main stem stenoses (one in group A, three in group 
B). The ischaemia related vessel was patent (TIMI 2 or 3) 
in 31 out of 37 (84%) patients in group A and 29 out of 37 
(78%) in group B. Myocardial infarction occurred in 26 
patients in group A (13 non-Q wave, 13 Q wave) and in 24 
patients in group B (19 non-Q wave, five Q wave). Thirty 
patients did not develop myocardial infarction. The left 
ventricular ejection fraction was 48% (range 17-69%) in 
group A and 56% (range 31-81%) in group B. Eight 
patients in each group required percutaneous transluminal 
coronary angioplasty and four patients in group A and five 
in group B required coronary artery bypass grafting during 
their stay in hospital. There were seven deaths (four in 
group À and three in group B). 
Thus in patients with unstable angina (rest pain) 


: receiving aspirin.and heparin alteplase did not significantly 


improve patency in the ischaemia related vessel. The 
requirement for percutaneous transluminal coronary 
angioplasty and coronary artery bypass grafting was 
-similar in both groups. 
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Streptokinase resistance titre and 
antistreptokinase IgG do not influence fibrinolytic 
efficacy of streptokinase containing thrombolytic 
agents 


J D Gemmill, K J Hogg, J M A Burns, R Fears, 

R Standring, J T Douglas, G D O Lowe, A P Rae, 

F G Dunn, W S Hillis 

Department of Medicine and Therapeutics, University 
of Glasgow, Stobhill General Hospital, Glasgow 


Previous streptococcal infections and treatment with strep- 
tokinase containing agents induce an antibody response 
that may increase resistance to future treatment with these 
agents. This study examines the influence of baseline anti- 
streptokinase IgG concentrations and streptokinase 
resistance titres on parameters of fibrinolysis and thrombin 
activity. Eighty two patients (40-74 years) presenting 
within six hours of onset of acute myocardial infarction 
were treated with either 1-5 MIU streptokinase as a 60 
minute continuous intravenous infusion (n = 4]) or 30 
units of anistreplase (n = 41) as a five minute intravenous 
injection. Pretreatment streptokinase resistance titres 
(n = 54) and specific antistreptokinase IgG concentrations 
(n = 82) were measured. The distributions of both para- 
meters were skewed toward low values (streptokinase 
resistance titre: median 50, interquartile range 20-100 IU 
streptokinase m ^ !; antistreptokinase IgG: median 0-965, 
0-472 — 1-903 ug streptokinase binding ml !). Venous 
blood was collected at frequent intervals from predosing to 
five days, immediately separated, and frozen for sub- 
sequent analysis for D-dimer and BB 15—42 fragment as 
indices of fibrinolysis. BB 15-42 and D-dimer release was 
calculated by measuring the area under the time activity 
curves. No significant relation between the measured area 
under the curve and pretreatment streptokinase resistance 
titre or antistreptokinase IgG was observed. In the range 
Observed these indices of previous exposure to strepto- 
coccal protein do not inhibit the in vivo fibrinolytic action 
of streptokinase containing thrombolytic agents, suggest- 
ing that redosing with these agents may be possible earlier 
than has been recently suggested. 


High concentrations of apolipoprotein (a) impair 
thrombolysis with alteplase in acute myocardial 
infarction 


J A Purvis, I S Young, T R Trinick, E R Trimble, 
AAJ Adgey 

Regional Medical Cardiology Centre and Department of 
Chemical Pathology, Royal Victoria Hospital and 
Department of Chemical Pathology, Ulster Hospital, 
Belfast 


Apolipoprotein (a) (Apo(a)) has marked structural simi- 
larity to plasminogen and has been shown to interfere with 
clot lysis in vitro. We have therefore assessed the relation 
between Apo(a) concentrations and coronary artery 
patency after thrombolytic treatment for acute myocardial 
infarction. Forty four subjects were seen within six hours 
of an acute myocardial infarction and were given two bolus 
injections of human recombinant tissue-type plasminogen 
activator (rt-PA, alteplase) separated by 30 minutes (total 
dose 70 or 100 mg). Coronary patency was assessed at 90 
minutes by angiography and did not differ significantly 
between dosage regimens. Apo(a) concentrations were 
measured at 0, six hours, and 24 hours with a double mono- 
clonal antibody immunoradiometric assay. Groups were 


Proceedings of the British Cardiac Sonety 


compared with the Mann- Whitney U test. Subjects with 
patent coronary arteries (n = 35) had significantly lower 
Apo(a) concentrations than those with occluded coronary 
arteries (n = 9) (at 0 hours 270 u/1 median range (15-1375) 
v 504 (65-1625), p = 0-028; at six hours 236:5 (15-1420) v 
598-5 (72-1400), p = 0-044; at 24 hours 251-5 (12-1220) v 
539 (63-1460), p = 0-041). Apo(a) did not change 
significantly in either group over the 24 hour period. 

These results indicate that Apo(a) may significantly 
impair the thrombolytic action of rt-PA at physiological 
concentrations in vivo. 


Increased exercise capacity after nebulised 
diamorphine in chronic heart failure 


N G Uren, S W Davies, Sally L Jordan, D P Lipkin 
Department of Cardiology, Royal Free Hospital, 
London 


To investigate whether nebulised opiate, through a periph- 
eral action on pulmonary afferent C fibres, may modify the 
sensation of dyspnoea and improve exercise capacity in 
chronic left ventricular failure, eight male patients (mean 
age 60 years, range 52-74) in New York Heart Association 
class IT underwent maximal treadmill exercise testing with 
respiratory gas analysis. After baseline exercise testing 
nebulised inhalations of placebo or 5 mg diamorphine were 
given over 15 minutes in a randomised, double blind man- 
ner. These were delivered via a modified Acorn system 
nebuliser to ensure small droplet size (1 um) and peripheral 
airway deposition. Patients exercised immediately after 
nebulisation, and dyspnoea was assessed with a 100mm 
visual analogue score. There was a significant increase in 
maximal oxygen consumption (Vomax) in ml/min/kg 
from 16-7 (3-3) at baseline to 17-7 (3:6) with diamorphine 
(p < 0-05). There was a significant increase in exercise 
duration from 641 (191)s at baseline to 734 (175)s with 
diamorphine (p « 0-05). There was no difference in venti- 
latory equivalent for carbon dioxide production slope 
(VE/Vco,) or in the visual analogue score at a Vo, of 
lOml/min/kg or at maximal exercise with diamorphine 
compared with baseline. 

Thus, finely nebulised diamorphine increases maximal 
exercise capacity and exercise duration in chronic left ven- 
tricular heart failure but with no reduction in the sensation 
of dyspnoea. 


Chronic angiotensin converting enzyme inhibition 
does not improve aerobic exercise capacity after 
myocardial infarction 


K G Oldroyd, S G Ray, M Pye, E Henderson, 

N McFarlane, J Christie, I Ford, S M Cobbe, 

H J Dargie 

Departments of Cardiology, Royal and Western 
Infirmaries, Glasgow, and Databases Unit, University 
of Glasgow, Glasgow 


In a double blind study 99 patients were randomised to 
receive placebo or captopril within 24 hours of acute myo- 
cardial infarction. Treatment was continued for one year, 
during which serial exercise tests were performed. 'The 
groups were well matched at baseline. At 12 months 35 
patients taking captopril and 32 placebo completed symp- 
tom limited maximal cardiopulmonary treadmill exercise 
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tests. Although the patients taking captopril had a 
significantly higher resting left ventricular ejection frac- 
tion, there was no difference between the groups in any of 
the following exercise parameters: peak heart rate (139 (SD 
23) v 135 (24) beats/minute, p — 0:57), peak systolic blood 
pressure (163 (25) v 167 (26) mm Hg, p — 0-61), exercise 
time (448 (209) v 435 (176) s, p = 0-78), peak oxygen con- 
sumption (23-1 (6:1) v 22:2 (5-5) ml/min/kg, p = 0-56), 
peak carbon dioxide production (224 (7-1) v 227 
(7-3) ml/min/kg, p — 0:87), and peak ventilation (59:1 
(20-2) v 62-6 (19-3) l/min). Exercise provoked ST segment 
depression of at least 1 mm in 11 patients taking captopril 
and nine taking placebo. There was no difference in the 
time to 1 mm ST segment depression between the groups. 
Captopril was withdrawn and the patients re-exercised one 
month later with similar results. 

We conclude that in this group of patients after 
infarction one year's treatment with captopril bad no effect 
on aerobic exercise capacity. 


Randomised double blind placebo controlled trial 
of nimodipine in 1215 patients with acute stroke 


J J Murphy for TRUST Study Group 
Department of Medicine, University Hospital, 


Nottingham 


Stroke is a common disease in patients with cardiac prob- 
lems and both myocardial and cerebral infarction share a 
common pathogenesis. As with myocardial infarction, 
there is now much interest in cerebral salvage after stroke, 
the aim being to reduce mortality and improve recovery. 
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The trial of United Kingdom stroke treatment (TRUST) 
was the first British multicentre, acute intervention study 
on stroke and used the calcium channel blocker nimo- 
dipine, which increases cerebral blood flow and has cyto- 
protective properties. Seventeen centres participated in the 
study. Patients were entered if they were older than 40, had 
become hemiparetic in the previous 48 hours, were con- 
scious, able to swallow, and had been independent before 
the stroke. Those entered received nimodipine 40 mg three 
times a day or matching placebo for 21 days. The primary 
end point was functional independence at six months, mea- 
sured on an activities of daily living scale, the Barthel 
index. From preceding two tail power calculations 1200 
patients gave greater than 90% probability at the 5% 
significance level of detecting a 10% difference in the pro- 
portions of patients independent with each treatment. In 
all 4507 patients were assessed, of whom 1215 (27%) were 
entered. The age of patients ranged from 35 to 97 (mean 73) 
years. A total of 607 received nimodipine and 608 placebo, 
the two groups being well matched in terms of preceding 
fitness and stroke severity. By six months 55% of the nimo- 
dipine and 58% of the placebo group were independent, 
the odds ratio for independence with nimodipine being 
0-88 (95% confidence interval 0-7 to 1:1). For mortality the 
odds ratio with nimodipine was 1-22 (0-95 to 1:57). Activ- 
ities of daily living and neurological scores also suggested 
delayed recovery in the nimodipine group at three weeks. 

'This study showed no evidence of a beneficial effect from 
nimodipine when administered within 48 hours of stroke 
onset. However, it does show that the lessons learnt from 
trials in myocardial infarction have now been translated 
into trials of acute teatment in stroke. TRUST was the first 
of such large, pragmatic studies and the next decade will 
see many more such trials, including thrombolysis in 
stroke. 
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@ The Britsh Heart Journal welcomes letters 
commienting on papers that it has published 
within the past six months. 


© Ail letters must be typed with double spacing 
and signed by all authors. 


@ No letter should be more than 600 words. 


@ In general, no letter should contain more 
than six references (also typed with double 
spacing). 


Prevalence of coronary heart disease 


Sır, —In the November 1990 issue of the 
Brittsh Heart Journal you published our 
paper "Prevalence of coronary heart disease 
in Scotland: Scottish Heart Health Study” 
(1990;,64:295—8) with an editorial “Getting a 
handle on the prevalence of coronary heart 
disease" (1990;64:291—2). While we were 
pleased to see the former in print, and the 
editorial draws attention to the paper and 
begins reasonably favourably, comments and 
statements appearing towards the end have 
given offence. 

The editorial inaccurately states that in the 
published article we “go beyond — .impor- 
tant observation to imply that these methods 
can be relied upon to support the view that 
coronary heart disease is more prevalent in 
women than in men’’. We do no such thing. 
We contrast the correlations between the 
different measures of prevalence and mortality 
within the two sexes, including the Rose 
angina questionnaire. The latter shows a 
higher prevalence of mild chest pain in 
women than in men, not an original obser- 
vation. We point out that this measure 
correlates better with mortality from coron- 
ary heart disease than do the others, 
particularly in women, “despite the lower 
specificity of angina for coronary heart disease 
in women’’—hardly a claim that “these meth- 
ods can be relied upon". Both cardiologists 
and epidemiologists know that angina pec- 
toris 18 not pathognomonic of coronary heart 
disease, even where coronary heart disease is 
common, and its specificity (and hence false 
positives) vary by age and sex. 

The editorial questions whether the Rose 
questionnaire is too Jacking in sensitivity and 
specificity to be applied to “smaller groups” 
such as “Scottish districts". The smallest 
district studied had a total population of 
35 000 and the largest 435 000 while the mean 
and median were between 120 and 150 000. 
We rejected most small districts from the 
study because of the instability of their 
mortality rates, and not because of possible 
statistical problems with surveys. With the 
excepuon of the two MONICA districts the 
number of men and women surveyed was 
approximately the same in each district —450. 
The confidence intervals for estimates of 
frequencies are related to the size of the 
random sample taken, and are independent of 
the size of the population sampled. They are 
similar for Roxburgh, population 35 000 and 
for South Glasgow, population 325 000 


There are problems too with the disparag- 
ing contrast of measures of prevalence with 
“the ‘hard’ data for rates of hospital admis- 
sion for infarction". Were routine statistics 
on hospital discharges as “‘thard’’ as all that, 
we in Dundee would not have had to commit 
as much time and effort as we have to their 
validation, with colleagues in Glasgow, in the 
Scottish and World Health Organisation 
MONICA studies, and we would not have 
been designated as a WHO Quality Control 
Centre and Collaborating Centre in 
cardiovascular epidemiology for training and 
methodology in this area. Equivalent 
validation work 1s also being done in the USA 
in the ARIC study. 

The penulumate paragraph appears to be 
suggesting that we are accusing physicians of 
systematic misdiagnosis, and then goes on “It 
is irresponsible for epidemiologists to present 
incomplete and not fully developed observa- 
tions and theories because publication of such 
ideas 1n a clinical journal implies that they 
should be incorporated into clinical prac- 
tice." Even out of context the statement 18 
extraordinary if you analyse it. What are 
referees and editors responsible for? Where 1s 
the epidemiologist, or the clinician, who 
thinks that epidemiological survey methods 
are both necessary and sufficient for clinical 
diagnosis of surgical disease? 

There is nothing incomplete or un- 
developed about either the theoretical basis of 
the paper or the observations. The findings 
were presented to the International 
Epidemiological Association in Helsinki in 
1987 and to the European Congress of 


Cardiology in Vienna in 1988, to critical, 


acclaum, before submussion to the British 
Heart Journal in 1989. The question to which 
we addressed ourselves (like much of 
epidemiology) is relevant to clinicians. Varia- 
uons in coronary heart disease mortality 
could correlate with morbidity (and therefore 
the need for clinical services) or with sudden 
cardiac death alone, largely inaccessible to 
clinicians. That mortality and morbidity do 
indeed correlate is of great importance to 
chnicians in areas of high coronary heart 
disease mortality whose resources are not 
commensurate. Clinicians frequently leap 
across from mortality rates to the need for 
clinical services. In this case an 
epidemiological study has provided essential 
stepping stones 


HUGH TUNSTALL-PEDOE 
Cardiovascular Epidemiology Umt, 
Ninewells Hospital and Medical School, 
Dundee DDI 98 Y 


We apologise for inadvertent offence caused to 
the authors by the editorial If an tmplication 
could have been drawn that the authors were 
attempting to apply epidemiological methods to 
clinical practice, we know this not to be so. —ED 

British Heart Journal 


Cardiac catheterisation with 5 French 
catheters 


SIR,—I should like to comment on the article 
by O'Sullivan er al (Brittsh Heart Journal 
1990;64°211-3). They cited a recent paper by 
Kohli et al 1n which the quality of coronary 
angiograms obtained with 5F and 7F cath- 
eters was compared in the same group of 
patients.' These workers concluded that “the 
conventional 7F coronary catheter appears to 
be superior to the 5F catheter in regard to 
diagnostic accuracy and image quality 
because of the higher flow rate possible with 
the former, allowing greater coronary filling. 


Br Heart J 1991,66:114—6 


Also, while high flow may be possible in 5F 
catheters, thinner outer walls may com- 
promise torque . . . However, in view of the 
frequent incidence of non-diagnostic 
angiograms in patients using 5F catheters, 
angiographers must be aware that in some 
patients it may be necessary to up se to 
larger bore catheters to achieve adequate 
angiographic results . . ." Brown and Mac- 
Donald reviewed 100 cases in which 5F 
catheters were used and encountered such a 
major problem of engagement and stability in 
the right coronary artery with the Judkins 
curve that they abandoned it after their first 
six cases and used a modified right coronary 
Amplatz catheter.’ These workers, however, 
thought the 5F catheters were as casy to 
manipulate as bigger catheters They also had 
difficulty in entering the left ventricle with a 
pigtail catheter until they changed their tech- 
nique With these modifications they thought 
the 5F catheters were sausfactory and have 
continued to use them as standard for day 
case catheterisation. 

Molajo et al conducted a formal prospec- 
tive randomised comparison of 5F super-flow 
and conventional 8F catheters ın 34 panents.* 
They concluded ‘‘that the 8F catheter 1s more 
manoeuvrable and thus reduces x-ray dose 
received by both patient and investigator, 
Furthermore, the super-flow (5F) catheter 
neither reduced the tume to achieve haemo- 
stasis after catheterisation, nor the incidence 
of bruising. It produced poor quality left 
ventriculograms"' 

As recently as June 1990, in a study of early 
ambulation after coronary arteriography, 
Kern et al used special large lumen 5F 
catheters to overcome these previously noted 
problems and obtained a 92% success rate for 
coronary opacification with a limited range of 
catheter shapes and seemingly without loss of 
angiographic quality.‘ They did not 
experience diminished torque control with 
their catheters. 

In view of the differences of opinion in 
published reports we need a proper ran- 
domised study to compare the latest 5F 
catheters with traditional 7F catheters. 


M J RAPHAEL 

Royal Brompton National Heart and Lung Hospital, 
Sy Street, 

London SY? 3 6NP 


1 Kohh RS, Vetrovec GW, Lewis SA, Cole S 
Study of the performance of 5F and 7F 
catheters in co angi hy a func- 
uonal comparison thet Car orar Diagn 
1989,18 131-5. 

2 Brown RI, MacDonald AC Use of 5F catheters 
for cardiac catheteriauon and coronary 
angiography, a critical review Cather 
Cardiovasc Diagn 1987;13 214-7. 

3 Molajo AO, Ward C, Bray CL, Dobson D. 
Comparison of the performance of super-flow 
(5F) and conventional 8F catheters for cardiac 
catheterization by femoral route. Cathet 
Cardiovasc Diagn 1987313 275-6 

4 Kern MJ, Cohen M, Talley JD, et al Early 
ambulation after 5 French diagnostic cardiac 
catheterisanon results of a multicentre rial. J 
Am Coll Cardiol 1990,15:1475-83 


A controlled trial of community based 
coronary rehabilitation 


SIR,—We read with interest the excellent 
study of Bethell and Mullee (1990;64:370—5). 
In a large randomised controlled trial they 
showed both the safety and the benefits of a 
coronary rehabilitation programme after 
infarction which included exercise training 
three times a week for three months. 

As an index of physical fitness or of exercise 
capacity Bethell and Mullee estimated peak 
oxygen consumption (Vomax) using the 
Astrand-Ryhming nomogram. Though the 
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Vo,max recorded during a progressive 
maximal exercise test is a reliable index of 
exercise capacity,’ there are methodological 
difficulties with the prediction of Vo,max 
when the Astrand-Ryhming nomogram is 
used. This nomogram 1s based upon 
extrapolation from paired observations of 
heart rate and either oxygen uptake or (as in 
the present study) external work rate during a 
submaximal test. Unfortunately the predic- 
ted Vo,max may differ widely from the actual 
Vo,max, the standard error of the estimate 
being some 1595." Furthermore, the original 
nomogram was based on data from young 
healthy students of physical education,’ and 
may not be applicable to older subjects or to 
those with cardiac disease. Astrand himself 
and other authors have recently discussed the 
lumitations of the nomogram.’* Finally, the 
effect of physical training in the present study 
may have been to improve cycling efficiency, 
which by altering the relation between exter- 
nal work rate and oxygen uptake would lead 
to artificially high values of predicted Vo,max. 

Rather than extrapolate data to predict 
Vomax, the submaximal data themselves 
could be used. For example, in the study 
by Bethell and Mullee, a standardised 
measurement of heart rate ata given work rate 
may have been a more appropriate way of 
assessing exercise capacity. Despite reserva- 
tions about the Astrand-Ryhming nomogram 
there 18 no doubt that Bethell and Mullee 
have shown valuable improvements 1n their 
patients after rehabilitation both in general 
well-being and in the rate-pressure double 


product at submaximal work rates. 
S W DAVIES 
The London Chest Hospital, 
r Road, 
London E2 9JX 
CA GREIG 
Human Performance Laborat and Academe 


Department of Geriatric Medicine, 

Tha Royal Free Hospital School of Medicine, 
Rowland Hill Street, 

London NW3 2PF 


1 Astrand P-O, Rodahl K. Textbook of work 
physiology. 3rd ed. New York: McGraw-Hill, 
1986:299-304. 

2 Astrand P-O, Rodahl K. Textbook of work 
physiology. 3rd ed. New York McGraw-Hill, 
1986:376 

3 Astrand P-O, Ryhming I. A nomogram for 
calculation of aerobic capacity (physical fit- 
ness) from pulse rate dunng submaximal 
work. J Appl Physiol 1954;7-218-21.: 

4 Legge BJ, Banister EW The Astrand-Rybming 
nomogram revisited. J Appl Physiol 1986; 
61 1203-9, 


This letter was shown to the authors who reply 
as follows: 


StR,— We thank Dr Davies and Dr Greig for 
their kind comments. 

We agree that there are problems with 
using the Astrand-Ryhming nomogram to 
measure Vo,max (though we were less aware 
of this in 1979 when the trial was conceived). 
Nevertheless, changes in the Vo,max as 
predicted from this test do reflect proportional 
changes 1n physical fitness. 

A small part of the apparent increase in 
fimess of the treatment group may have come 
from improved cycling efficiency. Unfortun- 
ately a standardised measurement of heart 
rate at a given work rate would have been 
subject to the same error. 

HJNBETHELL 
The Health Centre, 
GU34 20% 

Hants 
MARK MULTE 
Medical.Stanstics| Computing, 
Umversity of Southampton, 
Southampton General Hospital, 
Southampton SO9 4XY 
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An Era in Cardiovascular Medicine. 
Edited by Suzanne B Knoebel and Simon 
Dack (Pp xiv + 330; $59.50.) New 
York, Amsterdam, and London: Elsevier 
Science Publishing Company, 1991. 
ISBN 0-444-01580-9. 


During 1989 the American College of 
Cardiology celebrated the fortieth anniver- 
sary of its founding. From a nucleus of 
cardiologists based in New York it has grown 
into an influenual organisation with members 
in all parts of the world and international 
influence largely, but by no means exclusively, 
exerted through two major activities—its 
annual scientific sessions and the Journal of 
the American College of Cardiology. The 
journal and its predecessor must be unique in 
that they have had a single editor, Simon 
Dack, since the college first-started its own 
journal in 1958. One of the ways in which the 
college celebrated its anniversary was to 
invite Suzanne Knoebel of Indianapolis, as 
guest editor, to produce a series of scientific 
papers to appear each month in the journal. 
These have now been gathered together in a 
volume, supplemented by original material 
and two valuable commentaries. 

Each chapter can stand on its own and 
reflects expert views on diseases, techniques 
of diagnosis and treatment, pathology, 
molecular biology, and decision making—a 
wide range of topics of current concern. Each 
is dealt with in an individual fashion and 
reflects the approach, experience, and quirks 
of an author or smal] team.. Arrhythmias 
exemplify this well. Borys Surawicz illumi- 
nates the difficulties in finding medications 
for ventricular arrhythmias; Wellens and 
Brugada concisely take this further and 
explore the whole range of treatments for 
arrhythmias in general; and Richard Cohen 
and his group remind us.of the mathematical 
concepts that may underlie the physiological 
and pathological expressions in these dis- 
orders. This links very well with Charles 
Fisch’s chapter on the evolution. of the 
electrocardiogram which itself, of course, has 
wider implications directly relevant to many 
other chapters. 

One could go on and on listing and 
analysing contributors and contributions but 
that would only distract from the important 
message—that this is a book well worth 
reading and an essential source of up to date 
information. Various other groupings easily 
come to mind. Two: important additional 
chapters do, however, orientate the reader, 
and the respective authors raise important 
issues. Eugene Braunwald: writes lucidly of 
the golden age of cardiology encompassed by 
the era commemorated; and in a concluding 
chapter Sylvan Weinberg, editor of the 
college's. influential audiotape journal 
ACCEL, expresses the clinician’s point of 
view and compares current issues with those 
that dominated the scene in 1949, reminding 
us of the emphasis in that year as seen in the 
pages of ‘the only two English language 
cardiological journals then published, the 
American Heart Journal and the British 
Heart Journal. The comments by these dis- 
tinguished educators put in perspective the 
topical and: authoritative contributions that 
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cover the spectrum of cardiology so helpfully 
This expanded version of the symposium is a 
great credit to the editorial selecnon and 
presentation undertaken by Dr Knoebel and 
Dr Dack. 

DENNIS M KRIKLER 


The title reviewed here ıs available from the 
BMJ Bookshop, PO Box 295, London WC1H 
9TE. Prices include postage in the UK and for 
members of the British. Forces Overseas, but 
overseas customers should add £2 per item for 
postage and packing Payment can be made by 
cheque 1n sterling drawn on a UK bank, or by 
credit card ( MasterCard, VISA, or American 
Express) stating card number, expiry date, and 
your full name. 
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The annual meeting of the society in Glasgow 
had a larger attendance than for any we have 
had previously. The total (excluding ex- 
hibitors) was 1266. Of these, 766 were 
physicians or surgeons, 400 were nurses, and 
150 were technicians. The venue proved to be 
popular. The programme met with general 
approval; the facilites within the conference 
centre were generally excellent The proxi- 
mity of the exhibition kept people together, 
and saved valuable time during breaks 1n the 
programme; and the convenience of an ad- 
jouung hotel was an advantage that will be 
missed when we return to Wembley. The 
success of the meeting is a tribute to Ian 
Hutton and his colleagues, who took much of 
the burden of preparation, and ensured that 
we enjoyed something of the ambience of the 
“city of culture”. 

When we consider we have had the perfect 
meeting, we can relax our efforts. That has 
not happened, nor of course will it. Even 
Glasgow had its blemishes. The numbers 
who will be attracted by particular topics 
cannot always be predicted; thus some ses- 
sions required a larger hall than was allocated 
and were overcrowded. Signposting for the 
break out meetings within the hotel was 
yudged inadequate, especially on the first day 
when the layout was unfamiliar. The stan- 
dard of slides was not uniformly good. Colour 
seems sometimes to be a substitute for careful 
composition rather than an aid to clarity 
Colour used judiciously can enhance a 
presentation, but a few speakers do them- 
selves less than justice with psychedelic dis- 
plays of overcrowded data Whatever hap- 
pened to the old guideline of not more than 
seven words to a line or five lines to a slide? 
Posters remain a problem. They form an 
integral part of the scienufic meeting and 
many subjects lend themselves better to this 
form of exposure than to spoken presenta- 
tions. In Glasgow, the posters may have been 
set too closely together. Some authors seemed 
diffident about discussing their content, or 
perhaps those of us who were viewing the 
posters did too little to initiate debate. 
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Interest 1s at too low a level, and so the 
formula 1s not yet correct. New ideas are 
being debated. We will let you know the 
outcome, but more experiments are needed. 
Meanwhile, we welcome your views. 

One of the disadvantages of travelling a 
long way for a meeting is the extra expense 
The society awards travelling scholarships to 
help overcome this problem, with priority 
given to those in training grades and to those 
who are presenting papers or posters. Even 
now many of our younger cardiologists seem 
unaware of this opportunity. Up to 25 travel 
grants of £400 will be available for the 
European meeting in Amsterdam (forms to 
be returned by 11 July), and 40 grants of £150 
will be made when the society visits 
Harrogate next year. Cost has to be a con- 
sideration. none of us welcomes spending 
large sums of money to attend meetings, even 
those who can undoubtedly afford to do so. It 
was salutary to have been sitting next to a 
visitor from an eastern European country at a 
recent meeting in Montreal on disaster 
medicine. He had spent almost eight months 
salary to attend. Perhaps we have too many 
meetings so that we do not value them quite to 
this degree? 

Does the society contribute enough to the 
campaign against smoking? We are a non- 
smoking society, but that 1n itself may not 
make the tobacco industry tremble. Some— 
particularly the ex-smokers among us—have 
a certain proselynsing zeal The industry may 
even survive that. We write each year to offer 
advice to the Chancellor of the Exchequer on 
taxation policy, but he may not always pay 
close attention to our wisdom, and the indus- 
try continues to prosper. But now more: the 
British Thoracic Society has taken the 
initiative in organising a combined approach 
by medical colleges and associations to launch 
a campaign to reduce smoking It has the 
specific aim of putting pressure on the govern- 
ment to ban the promotion of smoking by 
advertising, promotion, and sponsorship. 
Sadly the government has been lukewarm to a 
similar proposal from within the European 
Community. We will participate in the new 
joint iniative Council have nominated 
Andrew McLeod to be our representative. 
The first joint meeting took place on 23 May. 
Perhaps the tobacco industry will now at least 
shudder, and we should offer no words of 
comfort. 

The recent Annual Meeting marked the 
retirement from council of three members 
who have each contributed much to the 
society’ Andrew Henderson, Ian Hutton, and 
Stewart Hunter The three replacements are 
Roger Hall, Andrew McLeod, and David 


Ward The constitution of the society permits 
one more member to be coopted, and this will 
be the President of the British Paediatric 
Cardiac Association. We are proposing that 
the constitution be amended to allow two 
other additions to council—the Postgraduate 
Cardiology Advisor (at present Howard 
Swanton) and the Chairman of the College 


Cardiology Committee (now Brian Pente- ` 


cost). In the meantime, these will be invited 
to attend council meetings 

We will soon be sending all members of the 
society up to date lists showing the officers, 
the council members, the membership of the 
committees, and contacts for the affiliated 
groups. The society has evolved in many 
ways in the past 12 months, and 1n parncular 
we have developed s committee structure 
with membership selected by council. We 
have heard whisper that this 1s not sufficiently 
democratic But could we be equally effective 
with any other structure? We live in a world 
that seems increasingly hostile to many pre- 
cepts that are needed for the continued prov- 
ision of good cardiological care. We must 
have an organisation that can respond quickly 
and effectively—within the constraints of our 
charitable status—to challenges that come 
from many directions But it is not enough to 
be defensive. We also need a structure tbat 
wil encourage improvement of established 
practices and the development of new ones. 
Inevitably, day to day decisions must be left 
to a few But committees are accountable to 
council, and council is accountable to the 
membership. It 1s understandable that such 
major changes arouse some anxieties, and 
they are important because we must maintain 
a strong consensus in the new paths that we 
tread. Perhaps we allow insufficient time for 
debate at our annual meeting Should we 
change slightly the balance in the emphasis on 
organisational and academic matters? We 
were disappointed, however, that relatively 
few attended the special session in Glasgow 
on the contentious matter of training. As 
always, we need the views of the society. 
Write to us if you believe that wide debate 
through the newsletter may be helpful—we 
are constrained by space but are not averse to 
contrary views. . Alternatively, write to a 
council member Only by continuing ex- 
change of views can we ensure that the society 
does reflect the opinions and intentions of its 
members. 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Society 
1 St Andrew’s Place, 

London NW I 4LB 
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NOTICES 





1991 


An International Conference “Look 
After Your Heart” will be held in London 
on 19 and 20 September: Judy Berry, Con- 
ference Organiser, Look After Your Heart, 
Health Education Authority, Hamilton 
House, Mabledon Place, London WCIH 
OT X (Fax: 071 387 0550; Tel: 071 383 3833). 


A Symposium on Alcohol and Cardio- 
vascular Diseases will be held 1n Scheven- 
ingen on 1 and 2 October: Ms FI de Vrijer, 
Secretariat Alcohol. Symposium, c/o TNO 
Food and Nutrition Research, PO Box 360, 
3700 AJ Zeist, The Netherlands (Fax: +31 
3404 57224; Tel +31 3404 44218). 


1992 


The 2émes Journées Européennes de la 
Société Francaise de Cardiologie will 
take place in Paris on 16 to 18 January 
(deadline for submission of abstracts is 15 
July 1991): SFC, 15 rue de Madrid, 75008 
Paris, France (Fax. (33) 1 43 87 17 14; Tel: 
(33) 1 43 87 95 14). - 


The Annual Mecung of the British Cardiac 
Society will take place at the Harrogate 
International Centre, on 26 to 29 May 


The XI International Symposium on 
“Drugs Affecting Lipid Metabolism" will 
be held in Florence on 13 to 16 May: Organis- 
ing Secretariat, XI DALM, Fondazione 
Giovanni Lorenzmi, Via Monte Napoleone 
23,20121 Milan, Italy (Fax. (02) 781511, Tel 
(02) 76002267--783868) and for USA: Organ- 
ising Secretariat, XI DALM, Giovanni 
Lorenzini Medical Foundation (Fax 713 796 
8853; Tel. 713 797 0401). 
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REFLECTING QUALITY 
WORLDWIDE 


Relied upon by leading surgeons, Swann-Morton blades are as worldwide as their reputation for quality. 
Alongside their classic surgical range, there are the "Major" orthopaedic blades, "Minor" 
disposables, and special blades for cervical biopsy and myringotomy. Most recent is the 
completely new "Fine" range. 
Extensively researched, all blades are produced under strict quality control 
by precise automation, and inspected at every stage. 
Swann-Morton always have the blade for the task, uniformly 
correct in shape, size and weight, and durably sharp - that's why 
they are famous worldwide! 


Swann- Motton 


Swann-Morton Limited, Penn Works 
Qwlerton Green, Sheffield S6 2BJ 
England 

Tet: (0742) 344231 
Fax: (0742) 314966 
Telex: 547538 
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MEDICAL STATISTICS 
ON MICROCOMPUTERS 


| RA BROWN 
_ J SWANSON BECK 





highly complex programs generally available. This means that users 
of statistical techniques need no longer be concerned with 

arithmetical and algebraic details — the software will take care of all 
that. What is vital, however, is to understand the ideas anc | the basic 
principles of statistical analysis. In Medical Staisiwes on 
Microcomputers R A Brown and ] Swanson Beck show how to get 
the best use out of microcomputers when analysing 
particularly in the pathology laboratory. They explain the rational 
basis of various widely applicable statistical methods and aiso 








data, 


indicate their limitations so that you can make an informed choice. 
= Chapters include: 
AOURNAL OF CLINICAL PATHOLOGY 
e Data handling 





Analysis of data from one or two groups 
Comparison of several groups 

Analysis of categorical data 

Statistical methods for diagnostic tests. 


UK £8.95; Abroad £10.50 
BMA members: £8.45 or £10.00 
including postage by air abroad 





Available from: BRITISH MEDICAL JOURNAL, PO BOX 295, LONDON WCIH STE, amv leading. fo 


BM7/BMA bookshop in BMA House. we, t | 
Please enclose payment with order, or send us full details of your MASTERCARD, VISA or AMERICAN EXPRESS c redii car di | 
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Consult data sheet before prescribing, 
Use: Hypertension 

Presentation: Capsules for oral adminis 
tration containing atenolol SOmg and 
nifedipine SK 20mg 

Dosage and administration: One daily 
recommended where therapy with either a 
calcium channel blocker or a beta-blocker 
proves inadequate. If necessary one capsule 
twice daily 

Children: Teni? should not be used in 
hildren 

Elderly Patients: Dosage should not 
exceed one capsule daily 
Contraindications 2nd or d degree 
heart block, cardiogenic shock, overt heart 
failure, women of childbearing potential 
lactation, Co-administration with cardio 
lepressants eg verapamil 

Precautions: Conduction defects, poor 
AT lia« reserve avoid m overt heart 
failure. Bradycardia, anaesthesia. Caution in 
patients with reversible obstructive airways 
disease do not use unless there are 
compelling dinical reasons to do so 
Withdrawal of beta-blocking drugs should 
be gradual in patients with ischaemic heart 
disease. Withdrawal of clonidine. Co-admin 
istration with Class | antidysrhythmic agents 
Interactions with cimetidine or quinidine 
Diabetes: Diabetic patients receiving "Tenif 
may require adjustment. of their diabetik 
therapy. Modification of the tachycardia of 
hypoglycaemia may occur 


Hepatic or renal impairment in patients 


with marked renal impairment — (e 
creatinine cearance below I5ml/min 
174m , serum creatinine greater than 600 


micromol/litre) the use of Teni? is consid 
ered inappropriate. Care should be taken in 
patients with marked hepatic impairment. _ 


Side effects: Headache, flushing, fatigue, 


*-* 


dizziness and oecdema may Cul sin 


been reported 


rashes and dry eyes have 
with beta-blocker consider discontin 
uance if they occur. Rare reports of jaundice 
and gingival hyperplasia with nifedipine 


Product licence number and basic NHS 


coset (C | on 2 2m apeules (OP) 410 90 


"Tenif is a trademark. 
Further information is available fron 
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One daily 
in mild to moderate hypertension 


‘Tenif’ is a simple once daily combination 
which should be considered for patients who 


are not initially controlled on nifedipine. 


*(for further control, 1bd) 
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The treatment of primary pulmonary hypertension N G Uren, C M Oakley 
Quantitative angiography after directional coronary atherectomy P W Serruys, V A W M Umans, 
B H Strauss, R J van Suylen, M van den Brand, H Suryapranata, P J de Feyter, J Roeland! 
Early experience with low speed rotational angioplasty M H Anderson, D E Ward 


A pilot study of the efficacy and safety of bolus administration of alteplase in acute myocardial 
infarction J D Gemmill, K J Hogg, P D Macintyre, N Booth, A P Rae, F G Dunn JW S Hillis 


Immunoglobulin response to intravenous streptokinase in acute myocardial infarction Ad Lynch, 
W A Littler, B L Pentecost, R A Stockley 


Predictive value of ventricular arrhythmias for patency of the infarct-related coronary artery after 
thrombolytic therapy A J Six, J H Lowwerenburg, J H Kingma, E O Robles de Medina, N M oan Hemel 


Post-prandial worsening of angina: All due to changes in cardiac output? A J Cowley, L J Fullssoad : 
K Stainer, E Harrison, A F Muller, J R Hampton 


Avoidance of tolerance and lack of rebound with intermittent dose titrated transdermal glvcery! 
trinitrate K M Fox, H J Dargie, J Deanfield, A Maseri, on behalf of the Transdermal Nizrate 
Investigators 


Mitral valve repair: a valuable procedure with good long term results even when performed 
infrequently G J Cooper, E M Wright, G H Smith 


Cardiac function after surgery for subaortic stenosis: non-invasive assessment of left ventricular 
performance K-Y Chan, A N Redington, M L Rigby, D G Gibson 


Multivariate analysis to simplify the differential diagnosis of broad complex tachycardia M / Griffith, 
M A de Belder, N J Linker, D E Ward, A J Camm 


Comparison between prostaglandin E, and epoprostenol (prostacyclin) in infants after he 
surgery J Kermode, W Burt, F Shann | 
Thrombus within a submitral left ventricular aneurysm: diagnosis on cross sectio: 
echocardiography C S Lawson, G E Venn, M M Webb-Peploe 


Intrapulmonary agenesis of venous system and bronchopulmonary arterial anasto 
E Riff, Z Halees 
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NOTICE TO CONTRIBUTORS 


Papers relating to the heart and circulation should be 
sent in triplicate to the Editor, British Heart Journal, 
BMA House, Tavistock Square, London WCI1H 9JR, 
and be prepared according to the Uniform requirements 
for manuscripts submitted to biomedical journals (Van- 
couver agreement) (Br Med J 1988;296:401-—5). 
Authors are asked to complete a copy of the 
checklist provided (1991;65:59-60 (January issue)) 
when submitting their manuscripts for publica- 
tion. The reference number given on the acknow- 
ledgement postcard sent out by the editorial office 
should be quoted on all subsequent correspondence and 
telephone inquiries. A covering letter must be signed by 
all authors stating that they have seen and approved the 
paper and that the work has not been, and will not be, 
published elsewhere. All authors will be required to 
transfer copyright of their articles to the journal before 
publication. (All material for possible publication 
(including Letters to the Editor) must be typed in double 
spacing with wide margins.) 


ETHICAL STANDARDS 

Authors are expected to comply with the code of ethics 
known as the Declaration. of Helsinki. Where 
appropriate, manuscripts should include a statement 
that the research protocol has been approved by the 
locally appointed ethics committee and that the in- 
formed consent of the subjects has been obtained. 


CASE REPORTS should convey only the essential facts of a 
case and the discussion and bibliography be kept to a 
minimum. They should have no more than three 
authors, should not exceed 1500 words, and include no 
more than two Figures. 


ABBREVIATIONS should mot be used in the text, except for 
mathematical calculations and units of measurement. 


REFERENCES must be cited precisely according to the 
Vancouver agreement and be typed in double spacing. As 
a general rule, no more than three references should be 
cited for any one statement. 

Authors are responsible for the accuracy of any 
references cited: these should be checked at source or 
with the listing in Index Medicus. 


UNITS OF MEASUREMENT 

All haematological and clinical chemistry measurements 
should be given as SI units. Blood pressures should be 
given in mm Hg. Measurements of length, height, 
weight, and volume should be reported in metric units 
and temperatures should be reported in degrees Celsius. 


TABLES must be typed on separate sheets and not in the 
text. Titles should be provided, and all abbreviations 
used must be given in full in a footnote. 


ILLUSTRATIONS (for general requirements, please refer to 
Br Heart J 1984;51:1—6). 

Electrecardiograms: Black and white prints. only 
should be sent and not the original tracings. If several 
tracings are grouped in a single Figure only a few 
complexes should be shown; the width should not 
exceed 14 cm unless a reduction in scale is possible. 

Echocardiograms: All unnecessary or irrelevant detail 
(such as electronic writing) should be removed. Label- 
ling mus: be superimposed directly on to the print itself 
and only where essential be shown on an accessory 
drawing. Echocardiograms obtained with 30° sector 
scans or bistable equipment or recorded on ultraviolet 
paper are not suitable for publication. 

Figure legends must include an explanation of all 
abbreviations used in the Figure. 


COPYRIGHT PERMISSION to reproduce material published 
elsewhere must be obtained in writing and acknow- 
ledged in the manuscript. 


PROOFS of articles accepted for publication will be sent 
for the author's approval. Proof corrections should be 
kept to a minimum. 


NOTICE TO SUBSCRIBERS 

British Heart Journal is published monthly. The annual 
subscription rates are £126.00 inland and £136.00 
overseas /USA $230-00). Combined rate: British Heart 
Journal and Cardiovascular Research £238.00 inland 
and £255.00 overseas (USA $443-00). Orders should 
be sent to The Subscription Manager, British Heart 
Journal, BMA House, Tavistock Square, London 
WCIH 9JR. Orders can also be placed with any leading 
subscription agent or bookseller. Subscribers may pay 
for their subscriptions by Access, Visa, or American 
Express by quoting on their order the credit or charge 
card preferred together with the appropriate personal 
account number and the expiry date of the card. (For the 
convenience of readers in the USA subscription orders 
($230-00) with or without payment may also be sent to 
British Medical Journal, Box 560B, Kennebunkport, 
Maine 04046. All inquiries, however, must be addressed 
to the Publisher in London.) All copies are des- 
patched by air-speed. First class rates available on 
request. 


COPYRIGHT G 1991 by the British Heart Journal. All 
rights reserved. No part of this publication may be 
reproduced, stored in a retrieval system, or transmitted 
in any form or by any means, electronic, mechanical, 
photocopying, recording, or otherwise, without the 
prior permission of the British Heart Journal. 
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VIATED PRESCRIBING INFORMATION FOR CARDURA*: UK. Indications: First-line treatment of hy pertension and may be us tj 

blood pressure in the majority of patients, including those with asthma, gout and the elderly Dosage: Cardura is used in a once daily regin h 

Dosage may then be increased after | or 2 weeks of therapy to 2mg and thereafter, if necessary to 4mg. The majority of patients who res; 

a dose of 4mg or less. Dosage can be further increased. if necessary, to 8mg or the maximum recommended dose of l6mg. Use in children: Not n INVICTA 

ndications: Sensitivity to Cardura and related quinazolines. Lactation. Use during pregnancy: Cardura should only be used during prei Y —_ 

of the physician, potential benefit outweighs potential risk. Side-Effects: Postural hypotension, rarely associated with fainting. Othe 

s, vertigo, headache, fatigue, asthenia and oedema. Further information: In short-term studies Cardura produced a modest reduction in | 


rol and LDL cholesterol. Basic NHS Cost: Ime tablet (PL 57/0276) Calendar pack of 28, £9.60; 2mg tablet (PL. 57/0277) 
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ABRIDGED PRODUCT INFORMATION 
Refer to Data Sheet before prescribing. 
INDICATIONS 


Primary hypercholesterolaemia. intolerant or not responsive to other forms of therapy. with 


a cholesterol level in excess of 7.85 mmol litre 

DOSAGE AND ADMINISTRATION 

Initially 10 mg nocte: dose range 10-40 mg once daily nocte. Maximum therapeutic response 
occurs within four to six weeks. Consider dose reduction if total serum cholesterol level 
falls below 3.6 mmol/l or if LDL cholesterol falls below 1.94 mmol/l. (See Data Sheet for 
full dosage instructions.) A standard cholesterol-lowering diet should be continued 
Concomitant therapy: “Zocor is effective alone or in combination with hile-acid 
sequestrants. /mpaired renal function and elderly patients: Modification of dose should not 
be necessary. Children: Studies to show safety and efficacy have not been done 


CONTRA-INDICATIONS 


Hypersensitivity to this product: active liver disease or unexplained persistent elevations of 
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serum transaminases; pregnancy and breast-feeding: women of child-bearing potenti 
unless adequately protected by non-hormonal methods 

PRECAUTIONS 

Homozygous familial hypercholesterolaemia: ‘Zocor is unlikely to be effective. Hypert 
elyceridaemia: “Zocor is not indicated where hypertriglvceridaemia is the abnormality 

most concern. Hepatic effects: Initial and periodic liver function monitoring recommend 
Discontinue if persistent enzyme elevations occur. particularly if they rise to three tim 
the upper limit of normal. Caution in patients with a historv of liver disease and 

alcoholism. Muscle effects: Clinically insignificant transient mild elevations of creati, 
phosphokinase may be seen. Therapy with "Zocor' should be discontinued if markex 
elevated CPK levels occur or if myopathy is diagnosed or suspected. Pregnancy: Conti 
indicated. One month should elapse between ending therapy with “Zocor and plann 
conception. Drug interactions: Care should be taken in patients on concomitant lips 
lowering therapy. particularly fibrates or nicotinic acid derivatives or immunosuppress® 
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E EFFECTS 

effects include: Abdominal pain, constipation, flatulence. and nausea. Less frequently 
enia. acid regurgitation, dyspepsia, headache. insomnia, diarrhoea. and rash 
‘ly. myopathy 

JIC NHS COST 

w tablets, £18.29 for 28-tablet calendar pack. 20 mg tablets, £31.09 for 28-tablet 
andar pack 
Nuct licence numbers: 10 mg tablets. 0025/0241. 20 mg tablets. 0025. 0242 

sd April 1990 

*notes trademark of Merck & Co., Inc., Rahway, NJ. USA 
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A BREAKTHROUGH 
IN CHOLESTEROL CONTROL HAS ARRIVE 


The link between coronary heart disease and 
elevated cholesterol is strong and consiste! 
The UK has one of the worst records for cori 
heart disease in the world. If we are to improve 
record we must strive to improve all of our nation’s risi 
factors, including cholesterol. It has been es | 
from a study of hypercholesterolaemic men t 
a 1% reduction in cholesterol reduces the | 
coronary heart disease by 296: 


Zocor® (simvastatin, MSD), the first a 
HMG-CoA reductase inhibitor, is a major Dreakthrougi 
in cholesterol control from Merck Sharp & Dt 
‘Zocor’ is indicated for use in patients with pr 
hypercholesterolaemia, intolerant or not responsive 
to other forms of therapy, and who have chole 
levels in excess of 7.8 mmol/l 


‘Zocor’ achieves up to 32% reduction of | 
cholesterol? a reduction unsurpassed by a! 
agent. In conjunction with a cholestero!-lower 
‘Zocor’ is generally well accepted by patient 
in contrast to the majority of agents, is ava 
a once-daily tablet. 
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Well accepted by patients, once 


nightly Lirostat provides the power 
to help secure a healthy future. 
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ABBREVIATED PRESCRIBING INFORMATION 
PRESENTATION.: Tablets containing 1Omg and 20my pravastatin 
INDICATIONS AND ADULT DOSAGE: Pnmary hypercholestcrolaemia intolerant or not responsive to other forms of therapy, with cholesterol level in excess of 7.8 mmoliitre. Start with 10 me at night Th 
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dosage range is 10-40mg at night. A response is usually seen within 1-2 weeks, with the maximum response from a given dose occurring within 4 weeks. A standard cholesterol lowenng diet should be continued 
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CONTRA-INDICATIONS AND WARNINGS Hypersensitivity to LIPOSTAT Active liver disease or unexplained persistent elevations in liver function tests Pregnancy and breast feeding. Women of child beanng 
poti ntl unless p! wected bv a Mquate contrace pt 

PRECAUTIONS. LIPOSTAT has not been evaluated in patients with homozygous familial hypercholesterolaerma. LIVER FUNCTION: Liver function rests should be performed periodically, discontinue if clevated liver 
enzymes greater than 3 times the upper limit of normal persist. Caution should he exercised in patients with a history of liver discase or alcoholism. Increases in CPK and liver enzymes have occasionally been observed Use 
with caution im patients aking celi sponn. hibnc acid denvatives and nicotinic acid 

DRUG INTERACTIONS: No clinically significant effects were seen in a range of studies SIDE EFFECTS: LIPOSTAT ts generally well tolerated. Adverse events are usually mild and transient: Side effects include 
myalgia, headache, diarrhoea, fatigue, nausea vemiting. non-cardiac chest pain. OVERDOSAGE: Treat symptomaticalls 
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Editorial 
Battery powered angioplasty 


The principle of balloon angioplasty—dilatation of sten- 
osed arteries by nothing but pressure—is so simple that 
doctors and patients find it quite logical. But in our high- 
tech environment, where lost door keys answer to a whistle 
and pacemakers make their own decisions and respond to 
questions, balloon angioplasty may appear too simple to be 
taken seriously. The inflation of a fluid filled angioplasty 
balloon with the help of an ordinary syringe does not 
produce noise and is often not even recognised by the 
somewhat distracted cath lab personnel, who are supposed 
to record the duration of the inflations. In contrast battery 
powered angioplasty makes itself known by smart looking, 
thoughtfully engineered electric motors with a disposable 
energy supply that generate a distinct noise which tells 
everybody nearby (including the patient) that something 
important is happening. 

In this issue of the British Heart Journal two types of 
battery powered angioplasty are analysed by workers who 
used these instruments hoping to overcome some un- 
resolved problems with percutaneous transluminal coro- 
nary angioplasty (PTCA). The paper by Anderson and 
Ward deals with what has been termed “slow rotational 
angioplasty"! whereas Serritys et al describe their initial 
experience with so-called ‘directional atherectomy”’.? 
Both methods use battery powered electric engines (com- 
pletely disposable for directional atherectomy and reusable 
but more expensive for rotational angioplasty) to turn a 
thin drive shaft that runs through the entire length of the 
catheter and rotates either a blunt tip at the end or a 
cylindrical knife passing over a side opening. The targets 
are chronic occlusions (for the turning blunt tip) and 
atheromatous plaques (for the cutting knife). Both in- 
struments are bulky, not cheap, and require special training 
for their user. The fact that they are fairly rigid and have a 
larger diameter than angioplasty balloons makes them 
potentially offensive weapons. So it seems quite legitimate 
to undertake a critical analysis of their merits and dis- 
advantages, in order to decide whether such techniques are 
justified. 


Directional atherectomy 

When Simpson, an innovative angioplasty pioneer, desig- 
ned his instrument he had in mind to remove the corpus 
delicti from the coronary (and peripheral) artery, hoping to 
reduce acute and chronic problems inherent in balloon 
angioplasty.’ He was right as far as the acute problems were 
concerned‘ but not quite right about the chronic problems.’ 
Directional atherectomy rarely produces abrupt closure of 
the artery, probably because its mode of action avoids the 
stretching and splitting of plaques and the subsequent 
creation of intimal plaques and dissections. The sharp, 
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rotating knife creates a smooth cut without the customary 
fissures and cracks; but the stiff housing itself (despite the 
semiflexible distal collecting chamber) may damage the 
artery, in particular where there are bends to be negotiated. 
Experience has shown that this may account for some of the 
acute problems. The case of detachment (and, fortunately, 
successful retrieval) of the tissue container at the tip of the 
device described in the current issue is unique. The 
attachment of the container has since been altered. 

For many indications the long term outcome after 
atherectomy has not matched initial expectations. Sur- 
prisingly, the open wound left after transluminal plaque 
removal is as good a basis for restenosis as the compressed 
and split plaque. If you take into account the relatively 
large vessel size of most target vessels submitted to this 
procedure the overall restenosis rate after atherectomy of 
primary lesions (23%) is not much lower than that after 
PTCA alone.^ In patients who have had previous angio- 
plasty at the same site, this figure is higher and becomes 
53% for the third attempt, and when the lesion was located 
in the mid portion ofa vein bypass graft restenosis was seen 
in 61%.’ 

Why is this so? Presumably there are several reasons. 
Evén clean cuts do not produce clean vessels. Flow in 
normal vessels is laminar, whereas after atherectomy it is 
likely to be turbulent—an important risk factor for resten- 
osis. Secondly, the deep vascular injury (up to 70% 
atherectomy specimens contain media and 30% contain 
adventitia®”) may trigger an exuberant repair process. 
Intuitively, atherectomy would seem to lend itself 
beautifully to the removal of very eccentric localised lesions 
that can be excised with one or two precise, clean cuts. 
Indeed, if such cases are singled out the restenosis rate is 
very low and compares favourably with all other existing 
transluminal techniques.'? In such patients the use of the 
larger guiding catheter, with its inherent problems, is 
certainly justified. 

On page 122 Serruys et al report encouraging results 
after directional atherectomy.” The angiographically deter- 
mined luminal diameter after this procedure was consis- 
tently better than would have been expected after balloon 
angioplasty. This is not surprising. In practice it should be 
possible to sculpture the artery to any desired result by 
removing as much material as is prudent. The issue 
therefore is not the potential for plaque removal but rather 
the right moment to stop before cutting through the 
adventitia. On the other hand, there 1s little correlation 


. between the diameter stenosis after angioplasty and long 


term outcome. The Rotterdam data suggest a 77% un- 
eventful six month follow up, but no angiographic data 
are presented. Thus the long term consequences of the 
promising initial outcome have yet to be demonstrated and 
compared with other techniques. 
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Other atherectomy devices 

Another battery powered angioplasty device has been 
introduced by Stack; it is called the transluminal extraction 
cathether (TEC) and it aspirates the debris that the conical 
cutter, which is mounted at the tip of a shaft revolving 
at 750 rpm, produces when cutting forward through 
atheromatous plaques." This instrument has shown its 
merits in extremely friable and diffusely diseased vessels 
where the aspiration of mobilised atheromatous material 
prevents downstream embolisation." It does not allow, 
however, precise “sculpturing’’ of vessels and the mean 
residual diameter stenosis was 3095; there is a relatively 
high overall restenosis rate of more than 40%.” 

The “rotablator’’, launched by Auth and colleagues," ' 
uses compressed air (not batteries) to drive it at 160 000— 
190 000 rpm; it resembles a dental drill and creates small 
particles, most of which do not seem to be trapped in the 
capillary bed.'$'" It may be useful in very hard, subtotal 
non-dilatable lesions; restenosis is frequent.'^ As is the case 
with the TEC device, it can only create channels—admit- 
tedly smooth and round—as large as the instrument itself. 


Slow rotational angioplasty 

The rationale behind this technique, which was first 
described by Kaltenbach (another angioplasty pioneer) and 
Vallbracht in 1987,” was the assumption that a larger and 
rounder tip was less likely to cause dissections during 
recanalisation of totally occluded arteries and that a slowly 
turning blunt tip would find its way through total 
occlusions more easily. Thus a device resembling a mag- 
num wire was created; this is rotated at a speed of up to 200 
rpm by a small motor. 

Apart from the reports of Kaltenbach and Vallbracht? ? 
there are few studies of slow rotational angioplasty. Kalten- 
bach and Vallbracht claimed a success rate of some 65% in 
recanalising old chronic occlusions.” With a preliminary 
re-angiography rate of 81% they found that 38% of the 
successful cases were improved at four months, 33% had 
significant restenosis, and 28% had reoccluded.? To 
achieve recanalisation of'chronic occlusions it is vital to 
select patients with a stump that guides the catheter 
towards the correct lumen. Those who used the appro- 
priate patient selection criteria reported similar results with 
balloon angioplasty alone; however, the use of the magnum 
wire technique has certainly helped to obtain these results 
more easily. These different techniques have not been 
widely evaluated; there 1s only one study comparing the 
magnum wire technique with the conventional balloon 
angioplasty technique, and that was performed by the 
group which devised the magnum wire.” 

Slow rotational angioplasty is not radically different 
from mechanical recanalisation with other devices. There 
is certainly an added risk when an operator uses ins- 
truments that reduce ‘“‘feel’’, as does slow rotational 
angioplasty. The risks of the method are clearly shown in 
the paper by Anderson and Ward on page 130.' We should 
be cautious, not only about the use of this device but also 
about the potential risk of supposedly harmless attempts at 
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recanalising chronically occluded coronary arteries.” 
Operators attempting this should use a familiar instrument 
that allows optimal tactile feedback rather than an engine 
driven shaft. 


ULRICH SIGWART 
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Sydney Street, 
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Editorial 





The treatment of primary pulmonary hypertension 


Primary pulmonary hypertension caused by narrowing of 
the small resistance arteries, well described by Wood, is 
usually taken to indicate the absence of a cardiac or 
respiratory cause for the condition." When the major 
pulmonary arteries are obstructed the disorder is often 
called “‘chronic thromboembolic pulmonary hyperten- 
sion” although a history of pulmonary embolism is rare and 
most of these cases probably result from a previous 
pulmonary arteritis sometimes associated with systemic 
arteritis in the so-called Takayasu syndrome.‘ Post- 
capillary pulmonary hypertension caused by obliteration of 
, pulmonary veins and venules (pulmonary veno-occlusive 
disease), is rare and rapidly fatal especially in children and 
young people.’ It closely resembles pre-capillary primary 
pulmonary hypertension from which it can sometimes be 
distinguished clinically if the lung fields show small patches 
of interstitial oedema or a cloudy background or pulmonary 
arteriography shows an abnormal venous phase. 


Causes of primary pulmonary hypertension 
Primary pulmonary hypertension can be a complication of 
systemic lupus," scleroderma,® CREST syndrome,’ and 
mixed connective tissue disease! and in patients without 
such features there is often a hint of an autoimmune origin 
in the form of Raynaud’s phenomenon," thrombo- 
cytopenia, or a history of uveitis. Rare patients with 
pulmonary veno-occlusive disease have vasculitic skin 
lesions, which also suggest a possible immunological basis, 
but the origin of the disease remains obscure.” 

Wood first suggested that primary type pulmonary 
hypertension had a-vasoconstrictive basis. He showed that 
pulmonary artery pressure was reduced in patients with 
mitral valve disease after intravenous aminophylline and 
tolazoline and the intra-pulmonary infusion of acetyl- 
choline.?'* The pathological features that were also 
thought to indicate a vasoconstrictive aetiology were 
hypertrophy of the media of small muscular arteries and 
extension of muscle into pulmonary arterioles together 
with dilatation (plexiform) lesions.'' These studies showed 
that a few patients had a thrombotic arteriopathy which at 
the time was believed to have resulted from chronic micro- 
thromboembolism—though there was no evidence for 
this." In further work, the two histological types, throm- 
botic and plexiform, were again separated and it was 
suggested that the thrombotic form might represent 
thrombosis in situ, possibly as a consequence of a small 
vessel arteritis. ^! Open lung: biopsy has not been much 
used in the United Kingdom because of its failure to 
influence therapeutic strategies: but it was part of the 
protocol in the American Primary Pulmonary Hyper- 
tension Registry, which was notable for the high complica- 
tion rate of biopsy in these patients. The course of the 
thrombotic form, which affects both male and female 
patients, was sometimes prolonged; plexiform arteriopathy 
was almost exclusively confined to young female patients."’ 


Current knowledge 
Any rigid distinction between two histological types was 
found to be unsound in a recent study of familial primary 


pulmonary hypertension in which both thrombotic and 
plexiform lesions were found within patients and among 
the affected families.'? Both types of lesion were also found 
in pulmonary hypertension associated with the Eisenmen- 
ger syndrome," collagen vascular diseases,*! in drug 
induced pulmonary hypertension in the aminorex fumarate 
epidemic,” in the toxic oil syndrome,” and associated with 
cirrhosis.? 

A high frequency of plexiform lesions does seem to be 
associated with a more rapidly fatal course! and fibroblast 
migration through defects in the inner elastic lamina, 
probably the result of endothelial interruption, may herald 
prodromal lesions.? In addition, it has been suggested that 
the pulmonary vascular bed maintains its low resistance 
through the action of endothelium derived relaxation factor 
with plexiform arteriopathy resulting from the failure of 
the production or release of this factor; vasodilatation by 
acetylcholine (in its endothelium dependent role) has been 
cited as parallel evidence for this effect.'^ Endothelial cell 
injury as seen in rats after crotalaria ingestion,” or 
immune-mediated damage of the endothelium, as in 
collagen vascular disease,? may be responsible for 
myofibroblast migration and proliferation, which would 
explain the development of the thickening of the medial 
coat rather than vasoconstriction. These effects or the 
advanced stage of the disease when patients are first seen 
may explain the frequently disappointing response to 
treatment with vasodilators, which has been the only 
available medical treatment apart from anticoagulants.” 
The use of anticoagulants was associated with an apparent 
improvement in survival in a large retrospective study that 
did not distinguish between subgroups." It is possible that 
long term anticoagulants may reduce the incidence of 
thrombosis in situ or reduce thromboembolism secondary 
to the low cardiac output.” 


Treatment with vasodilators 

The association with Raynaud's disease and rare reports of 
regression lent support to the theory of vasoconstriction 
and to the extensive use of vasodilators.’ 143 None the 
less, vasodilators given acutely may be dangerous if they 
cause only systemic and not pulmonary vasodilatation.” > 
They may be helpful if a fall in pulmonary vascular 
resistance allows right and thus left ventricular output to 
increase. Most vasodilators predominantly affect the sys- 
temic resistance vessels and will only be tolerated in 
patients with pulmonary hypertension if there is a sufficient 
effect also on the pulmonary vessels to permit the cardiac 
output to rise and maintain blood pressure. Virtually every 
vasodilator has been tried and the results published. 
Though nifedipine has found most favour,” 7” * it too is not 
without its disastrous side effects. This is because its 
depressant effect on myocardial contractile force may be 
unmasked and this can cause circulatory collapse if the 
right ventricular afterload is not reduced. 

Acute testing of vasodilators has been used to predict 
benefit and prevent untoward reactions.*? *' ? These studies 
have shown that those patients who are capable of respond- 
ing tend to respond to whatever vasodilator is given—a 
favourable response to prostacyclin was associated with a 
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good response to nifedipine also." So long term infusions 
of prostacyclin into the pulmonary artery, a treatment that 
is highly demanding of both patient and doctor and not 
without complications, is not justified. Most patients will 
not tolerate high doses of calcium channel blocking drugs 
but remarkable reductions in pulmonary artery pressure 
and resistance were achieved in some patients treated with 
high doses of diltiazem or nifedipine and the improvement 
was sustained over months.” These successes and rare 
cases of spontaneous improvement” * have sustained the 
use of these usually unsuccessful and poorly tolerated 
agents.” 


Outcome 

All of the studies have shown a wide variation in survival, 
from months up to 30 or even 40 years from diagnosis." ^ 
'This has been used as evidence for diverse aetiologies but it 
could equally well result from the same cause having 
disastrous consequences, as in some young females who 
show major vascular consequences and a mainly plexiform 
arteriopathy, or a more stable protracted course in patients 
with the less severe changes of a mainly thrombotic 
arteriopathy. Both could result from a vasculitic illness. 
Studies of the natural history of the disease showed that the 
sickest patients survived the shortest time. Right ven- 
tricular failure is the single most important determinant of 
prognosis.“ This has been recorded in published reports 
which detailed a right atrial pressure ^ 6 mm Hg, a stroke 
volume index of «22 ml/m’, a cardiac index «2:8 l/min/ 

2 or a pulmonary artery saturation <63% as adverse 
prognostic features? ^? but did not emphasise right 
ventricular failure as such. Not surprisingly, the pulmon- 
ary artery pressure is usually not a determinant because it 
fails to rise once the output starts to fall as the right 
ventricle fails. 

More recent work has used echocardiography to measure 
these indices? and it may be more informative than 
catheterisation in showing right ventricular function and 
pressure serially, tricuspid regurgitation, and when right 
ventricular systolic or diastolic pressure is higher than the 
systemic pressure. À low cardiac output, abnormal tricus- 
pid Doppler diastolic filling patterns due to prolonged 
isovolumic relaxation, tachycardia, and curtailed right 
ventricular filling time may also be found. 

These omens of poor or deteriorating right ventricular 
function indicate a short life expectancy in patients with 
primary type pulmonary hypertension; most of these 
patients do not survive three years from the time of 
presentation. At present, heart/lung transplantation offers 
the only hope of longer term survival with restoration of 
their quality of life. Improved management of rejection and 
infection with newer drugs and routine bronchoscopic 
surveillance to detect these complications early has resulted 
in much better survival. Three year survival is now 65% 
and the incidence of obliterative bronchiolitis is lower.“ 
These patients with primary type pulmonary hypertension 
who have no disease elsewhere and who are young and 
otherwise fit are most likely to benefit from this procedure. 
Moreover, their hearts can be used in recipients with 
pulmonary hypertension complicating left heart failure. 


The future 

Future treatments are likely to arise as developments in 
vascular and cell biology lead to a better understanding of 
the growth factors that determine the proliferative res- 
ponses to endothelial injury. ^ Future understanding of 
adhesion molecules such as fibronectin and von Willebrand 
factor which influence cell migration and proliferation," of 
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charge related microvascular injury," and vascular re- 
modelling after injury?! may lead to more successful 
treatments. These may be particularly relevant if primary 
type pulmonary hypertension follows a pulmonary vas- 
culitis which, if it is not rapidly fatal, can achieve 
haemodynamic stability. It is unfortunate that delayed 
initial presentation may still inhibit the use of potentially 
successful agents. It seems that we are a long way from 
being able to treat primary type pulmonary hypertension 
effectively because of the late presentation of most of the 
patients. Only the fortunate few, in spite of or because of 
our management, will show stability or improvement. For 
most of them heart/lung or single lung transplantation is 
likely to remain the best available treatment. 
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Abstract 

Objective—To assess by quantitative 
analysis the immediate angiographic 
results of directional coronary atherec- 
tomy. To compare the effects of success- 
ful atherectomy with those of successful 
balloon dilatation in a series of patients 
with matched lesions. 

Design—Case series. 

Setting—Tertiary referral centre. 

Patients—62 patients in whom direc- 
Gonal coronary atherectomy was attemp- 
ted between 7 September 1989 and 31 
December 1990. 

Interventions—Directional 
atherectomy. 

Main outcome measures—Increase in 
minimal luminal diameter of coronary 
artery segment. 

Results—Angiographic success on the 
basis of intention to treat was obtained 
in 54 patients (87%). In four patients the 
lesion could not be crossed by the ather- 
ectomy device; all four had an unevent- 
ful conventional balloon angioplasty. 
Four of the 58 patients who underwent 
atherectomy were subsequently referred 
for coronary bypass surgery because of 
failure or complications; three of them 
sustained a transmural infarction. In the 
successful cases, coronary atherectomy 
resulted in an increase in the minimal 
luminal diameter from 1'1 mm to 
2:5 mm with a concomitant decrease of 
the diameter stenosis from 62% to 22%. 
In the subset of 37 patients in which the 
changes induced were compared with 
conventional balloon angioplasty ath- 
erectomy increased the minimal luminal 
diameter more than balloon angioplasty 
(1*6 v 0:8 mm; p < 0:0001). Conventional 
histology showed media or adventitia in 
26% of the atherectomy specimens. In 
hospital complications occurred in six 
patients who had undergone a successful 
procedure: two transmural infarctions, 
two subendocardial infarctions, one 
transient ischaemia attack, and one 
death due to delayed rupture of the ath- 
erectomised vessel. All patients were 
clinically evaluated at one and six 
months. One patient had persisting 
angina (New York Heart Association 
class ID, one patient sustained a myo- 
cardial infarction, one patient underwent 
a percutaneous transluminal coronary 
angioplasty for early restenosis, and one 


coronary 


patient underwent coronary bypass sur- 
gery because of a coronary aneurysm 
formation. At six months 80% (36/47) of 
the patients were symptom free. 

Conclusions—Coronary atherectomy 
achieved a better immediate angiogra- 
phic result than balloon angioplasty; 
however, in view of the complication rate 
in this preliminary series, which may be 
related to a learning curve, a ran- 
domised study is needed to show whether 
this procedure is as safe as a conven- 
tional balloon angioplasty. 


Percutaneous transluminal coronary angio- 
plasty was reported in 1978 by Gruentzig! as a 
non-operative technique for the treatment of 
single, discrete, and proximal coronary artery 
stenosis in patients with symptomatic 
ischaemic heart disease. Over the past decade 
improved technology and operator experience 
have led to a greater use of conventional 
coronary angioplasty with an excellent 
immediate success rate.*? As indications for 
coronary angioplasty expanded and more dif- 
ficult lesions were attempted, the likelihood of 
acute complications increased. The most dan- 
gerous complication is acute occlusion which 
is encountered in 2-10% and frequently 
requires emergency surgical revascularisa- 
tion. Although acute occlusion is occasion- 
ally caused by thrombosis, it is usually caused 
by an intimal dissection.' In particular 
lesions with a complex shape have a greater 
tendency to occlude abruptly.* The use of new 
techniques might reduce acute complications 
after conventional balloon dilatation.*" Alth- 
ough balloon angioplasty can efficiently dilate 
a stenosis, recoil is one of the immediate 
mechanisms that results in the loss of 50% of 
the balloon angioplasty result." Several newly 
developed techniques have been designed to 
debulk coronary tissue thereby reducing the 
potential effect of elastic recoil. 

Atherectomy is one such technique that 
might lead to fewer acute complications and 
less recoil because the plaque is removed 
rather than merely disrupted by the balloon 
inflation. There are published reports on the 
safety and short term results of atherec- 
tomy.” 6 

We have assessed the immediate clinical 
and angiographic results of coronary atherec- 
tomy using quantitative coronary analysis as 
an objective method. 


Quantitative angiography after directional coronary atherectomy 


Figure 1 | Simpson's 
directional AtheroCath. 


Table 1 Clinical and angiographic characteristics 
in 58 patients who had atherectomy 








Characteristic No 
Sex: 

Male 49 

Female 9 
Age (yr) mean (SD) 58 (10) 
Infarction: 

Old 14 

Recent 9 
NYHA: 

Il 18 

IH 17 

IV 23 
Stenosis 

Primary 39 

Restenosis 19 
Anatomy:* 

LAD 37 

LCx 9 

RCA 15 

Graft 3 





*Four patients underwent two procedures, and one patient had 
three procedures. 

NYHA, New York Heart Association; LAD, left anterior 
descending; LCx, circumflex artery; RCA, right coronary 
artery. 


Patients and methods 

PATIENTS 

From 7 September 1989 to 31 December 1990, 
62 patients underwent attempted directional 
coronary atherectomy at the Thoraxcenter. 
Four patients underwent two atherectomy 
procedures and one patient had three 
procedures. In four patients atherectomy was 
attempted but the stenosis could not be crossed 
by the device and all were subsequently treated 
by balloon angioplasty. All procedures were 
performed in patients with angina refractory to 
anti-ischaemic treatment. The study group 
(table 1) consisted of 49 men and nine women 
(mean (SD) age 58 (10) ). A previous myocar- 
dial infarction was documented in 23 patients 
and nine of these patients were treated because 
of postinfarction angina. Four patients had 
prior surgical bypass grafting and 19 patients 
underwent atherectomy as a second percu- 
taneous revascularisation procedure after pre- 
vious conventional angioplasty (n — 12), after 
previous stenting (n — 5), or after previous 
atherectomy (n — 2). Two patients had a car- 
diac transplantation and another patient had 
had a kidney transplant. At the same time of 
atherectomy 23 patients were in New York 
Heart Association functional class IV, 17 in 
class III, and 18 in class II. Coronary angio- 
graphy showed one vessel disease in 47 
patients, two vessel disease in seven, and three 
vessel disease in four. The obstruction was in 
the left anterior descending artery in 37 pro- 
cedures, in the right coronary artery in 15, in 
the circumflex artery in nine, and in the venous 
bypass graft in three cases. 
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Fifty two patients were selected for an elec- 
tive atherectomy procedure and in six patients 
atherectomy was performed as an adjunct and 
bail-out procedure to a conventional balloon 
dilatation to prevent emergency coronary by- 
pass surgery for the following reasons: obstruc- 
tive dissection (n — 4), primarv total occlusion 
(n — 1), and reocclusion after balloon angio- 
plasty (n — 1). Three atherectomy procedures 
were performed in patients who required 
prophylactic haemodynamic support by means 
of intra-aortic counterpulsation (n = | 
or by percutaneous cardiopulmonary support 
(n 22). 


PROCEDURE 

After administration of local anaesthesia a 11 
French sheath was inserted into the femoral 
artery. All patients were given 250 mg aspirin 
and 10 000 U heparin intravenouslv. Then a 7 
French guiding catheter was placed in the 
ostium of the coronary artery for initial angio- 
grams in multiple views. This was replaced by 
the special 11 French guiding catheter. Then 
the atherectomy device (fig 1) was advanced by 
the over the wire technique and positioned 
across the stenosis. After proper positioning 
the support balloon was inflated up to 0-5 
atmospheres, the cutter was retracted into the 
housing, and balloon inflation pressure was 
increased to 2 to 3 atmospheres. The driving 
motor was activated and the rotating cutter was 
slowly advanced to cut and collect the protrud- 
ing intimal lesion in the collecting chamber 
located at the tip of the catheter. After each pass 
(mean (SD) 6:1 (2:9) ) the balloon was deflated 
and either removed or repositioned. Atherec- 
tomy was regarded as successful when the 
residual stenosis was less than 50% of the vessel 
diameter and plaque material was present in the 
collecting chamber. After atherectomy the 
arterial and venous sheaths were usually left in 
place for six hours. Patients were monitored for 
24 hours; electrocardiograms were obtained 
twice a day and cardiac enzyme concentrations 
measured twice a day. Nifedipine was given 
every two hours for 24 hours after the 
procedure and aspirin was given for one vear 
All atherectomy procedures were performed 
after the patient had given informed consent. 


QUANTITATIVE CORONARY ANGIOGRAPHY 

Quantitative analysis of the coronary segments 
was performed with the computer based 
Coronary Angiography Analysis System 
(CAAS), described in detail elsewhere." '" In 
essence, the boundaries of a selected coronary 
artery segment were detected automatically 
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from optically magnified and video digitised 
regions of interest (512 x 512 pixels) of a 
cineframe. The absolute diameter of the sten- 
osis in mm was determined with the guiding 
catheter as a scaling device. Calibration of the 
catheter as an absolute value (mm) was 
achieved by comparing the mean diameter of 
the guiding catheter in pixels with the 
measured size in millimetres. Each catheter 
was measured individually. To correct the 
detected contour of the arterial and catheter 
segments for pincushion distortion, a correc- 
tion vector was computed for each pixel based 
on a computer-processed cineframe with a 
centimetre grid placed against the input screen 
of the image intensifier. Because the functional 
significance of a stenosis is related to the expec- 
ted normal cross sectional area of a vessel at the 
point of obstruction, we used a computer 
estimation of the original dimension of the 
artery at the site of the obstruction to define the 
interpolated reference area. The percentage 
diameter and area stenosis and the minimal 
luminal diameter (mm) and cross sectional are: 
(mm^) were then calculated. The length of the 
lesion (mm) was determined from the diameter 
function on the basis of a curvature analysis. In 
addition, this technique allowed the assessment 
of the eccentricity of the lesion for a given view. 
The symmetry index ranged from 0 (totally 
eccentric stenosis) to ] (symmetric). The 
degree of coronary bend was assessed by the 
curvature value at the obstruction site. This 
variable was computed as the average value of 





(c) 


all the individual curvature values along the 
centreline of the coronary segment, with the 
curvature defined as the first derivative of the 
tangent as it moves along the centreline, which 
for a circle is equal to the reciprocal of the 
radius. 


ANGIOGRAPHIC MATCHING PROCESS 

We compared the results of the first 37 success- 
ful consecutive patients of this series with the 
results of 37 individually matched angioplasty 
lesions in 37 other patients. To avoid patient 
selection bias we selected populations with 
comparable baseline stenosis characteristics. 
The coronary artery tree was subdivided into 
15 segments according to the American Heart 
Association guidelines. The lesions were 
individually matched according to stenosis 
location and reference diameter. Matching was 
considered adequate if the mean difference of 
the reference diameter between the groups was 


t9 
Zero. 


HISTOLOGY 

Tissue samples were carefully removed from 
the collecting chamber of the atherectomy 
device. Part of the material was used for 
microscopical and morphological examination 
while the other part was processed for cell 
culture studies." Specimens were fixed in 10% 
buffered formalin and embedded in parafhin. 
Tissue sections were cut and stained with 
haematoxylin-azofloxin. Light microscopical 
examination of each specimen was performed 
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Figure 2. (A) Detected contours superimposed on the 
original video image for a representative right coronari 
artery stenosis, filmed in right anterior oblique projection 
before directional atherectomy. Diameter function is 
shown at the bottom. White area is a measure of thi 
"atherosclerotic plaque". The minimal luminal diameter 
vertical line) is 0-71 mm, corresponding to a diameter 
stenosis of 79% and an area stenosis of 96% ( B) A single 
frame angiogram of the right coronary artery filmed in 
right anterior oblique projection after directional 
atherectomy. Minimal luminal diameter increased to 
2:27 mm, corresponding to a diameter stensosts of 21% 
and an area stenosis of 38%. (C) Contour analysis of the 
atherectomy device and inflated support balloon with 
diameter function shown beneath. Mean diameter of the 
device together with the inflated balloon is 306 mm and 
the minimal luminal diameter increased from 0-71 mm to 
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Figure 3 Changes in 
reference diameter, 
obstruction diameter, area 
plaque, and diameter 
stenosis before and after 
coronary atherectomy. 
Reference diameter did not 
increase significantly, 
obstruction diameter. ` ‘ 
increased from 1 1 ` 
(0-4) mnto 25 . 
(0-5) mm, area plaque 
decreased from 9-1 

(6:3) to 2:6 

(1-8) mm, and diameter, 
stenosis decreased from 62 
(11)96 to 22 (15) %. 


to identify intima, media, and adventitia. 
Special attention was paid to the morphological 
structure of the removed tissue. Three types of 
lesions were encountered: 


thrombus. An atherosclerotic plaque was 
defined as dense fibrotic tissue while intimal 
hyperplasia was characterised by the prolifera- 
tion of smooth muscle cells within a loose 


connective tissue matrix. Thrombus was: 


defined as a laminar structure of fibrin, platelets, 
and erythrocytes. An organised thrombus was 
characterised by capillary- vessel ingrowth. 
Specimens obtained from stent patients were 


stained with monoclonal antibodies specific for ` 


desmin, vimentin, and « smooth muscle actin. 


Results 
PROCEDURAL AND ANGIOGRAPHIC RESULTS 

Sixty two patients underwent 68 attempts at 
atherectomy. Atherectomy was not possible in 
four patients for technical reasons. On two 
occasions the guiding catheter would not fit 
properly into the coronary ostium and on two 
occasions the atherectomy device could not 


" pass the stenosis. These patients subsequently 


underwent conventional coronary angioplasty. 


" Thus 58 patients underwent atherectomy in 64 


lesions. 
Sufficient atheroma was removed to reduce 


‘the angiographic stenosis to: «5094 of the- 


reference diameter in 54 (93%) of 58 patients or 
in 60 (94%) of 64 stenoses. Additional balloon 
dilatation was never required and all patients 


left the catheterisation suite with a residual. 
stenosis of <50% of the reference diameter. 


Figure 2 shows a quantitative, angiographic 
analysis of a successful atherectomy procedure 
in a right coronary artery. For. the. lesions 
successfully treated the mean diameter stenosis 
decreased from 62 (11)9 to 22 (12)%. Three 
patients underwent a conventional balloon 


Reference diameter (mm) . 
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angioplasty of other coronary stenoses after the 


. successful atherectomy procedure. 


Atherectomy was regarded as unsuccessful 
in four patients (7%) or in four stenoses (6%). 
All had a residual stenosis of >50% of the 


' reference diameter. Three of four patients 
underwent emergency coronary artery bypass 


surgery and one had an semi-elective operation 
24 hours after atherectomy. This last patient 
initially underwent a conventional balloon 
angioplasty of a totally occluded left anterior 
descending artery which was unsuccessful des- 


"pite long inflation times and the use of an 


oversized balloon. To avoid bypass surgery, an 
initially successful bail-out atherectomy of the 
totally occluded artery was performed. After 


.10 minutes, however, the artery became re- 


occluded with contrast staining in the roof of 
the artery, though no signs of myocardial 


' .ischaemia were present. On the next day the 
patient underwent a semi-elective coronary 
"bypass grafting operation. One of the three 


patients who underwent an emergency bypass 
operation had had a successful atherectomy 


: procedure of the circumflex artery. An attempt 


to cross the second stenotic lesion in the left 
descending coronary. artery with the device 
through a considerable bend, however, led to a 
dissection which resulted in ischaemic elec- 
trocardiographic changes and chest pain. 
Intra-aortic balloon pumping was initiated and 
the patient was subsequently sent for emer- 
gency bypass surgery. In the second patient 


introduction of the guiding catheter into the 


right coronary artery was complicated by an 


obstructive dissection with subsequent chest 


pain. The patient was referred for emergency 
surgery. À third patient underwent an emer- 
gency bypass operation after atherectomy 


because-immediately after the atherectomy 


procedure this patient developed chest pain 
and ischaemic electrocardiographic changes 
owing to a total occlusion of the treated left 
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anterior descending coronary artery. Before 
operation a stent was successfully implanted in 
a bail-out operation. 


QUANTITATIVE CORONARY ANGIOGRAPHY 

The mean (SD) length of the diseased segment 
was 6:4 (2.5) mm. The symmetry score showed 
that 59 of the 64 lesions were eccentric (sym- 
metry index « 1:0). The mean curvature value 
for all analysed segments was 14:5 (7:1). On 
average the minimal luminal diameter before 
atherectomy was 1:1 (0:4) mm. Post-atherec- 
tomy it increased to 2:5 (0-5 mm) (p < 0-00001) 
(fig 3). The diameter stenosis decreased from 62 
(11)% to 22 (15)% (p < 0:00001), likewise the 
area stenosis decreased from 84 (9)% to 37 
(18)% (p < 0-00001). The reference diameter 
remained unchanged. The atherectomy device 
itself was also quantitatively analysed on the 
cinefilms. The mean diameter of the housing at 
its widest diameter was 2:1 mm. Inflation of the 
support balloon resulted in a diameter increase 
to 3:4 mm (2:1—4:3 mm). 


IN-HOSPITAL COMPLICATIONS 

Table 2 summarises the complications during 
the hospital stay. Six of the 54 patients who 
underwent a successful atherectomy procedure 
developed in-hospital complications. Two 
patients sustained a transmural and two a 
subendocardial myocardial infarction owing to 
embolisation of plaque material (n — 2), side 
branch occlusion (n = 1), or distal occlusion of 
the treated artery (n = 1). None of these 
patents needed an additional intervention and 
all of them left hospital without angina. One 
patient sustained a transient ischaemic attack, 
but completely recovered within three hours. 
One patient died of a delayed rupture of the 
atherectomised vessel three days after a “‘bail- 
out” atherectomy for an obstructive dissection 
after balloon dilatation." 

In one patient we faced a serious technical 
problem. This patient underwent an atherec- 
tomy of the left anterior descending coronary 
artery. During the last cutting pass the collect- 
ing chamber broke off the housing, migrated to 
the periphery of the coronary artery, and closed 
the distal part of the vessel. This caused chest 
pain and ischaemic electrocardiographic chan- 
ges. Fortunately we were able to retrieve the 
collecting chamber by passing a conventional 
balloon on the wire catheter through the nose 
and inflating the balloon in the collecting cham- 
ber so that the distal part could be pulled back. 
Thereafter both the pain and electrocardio- 
graphic changes disappeared and the patient's 
recovery was uneventful without signs of a 
myocardial infarction. 

The three patients who were referred for 
emergency coronary bypass surgerv after an 
unsuccessful atherectomy procedure sustained 
a perioperative myocardial infarction. All 
patients had an uncomplicated postoperative 
clinical course and were discharged without 
anginal symptoms. The patient who underwent 
a semi-elective bypass operation had no com- 
plications at follow up examination. 


Table 2. Complications of atherectomy 








Complication Details 

Non-Q) infarct 2 After a successful procedure 

Q wave infarct 5 Three perioperative infarctions 

TIA l Without consequences 

Death l Three days after a successful 
procedure 

CABG 4 Three emergency, one semi- 
elective 

PTCA 0 





CABG, coronary artery bypass grafting; PTCA, percutaneous 
transluminal coronary angioplasty; TIA, transient ischaemic 
attack. 


ATHERECTOMY VERSUS ANGIOPLASTY 

Matching according to lesion distribution and 
reference diameter was regarded as adequate 
because the reference diameter was equal in 
both groups (3:0 (0-6) mm) and the mean 
difference between the groups was 0-0 
(0:2) mm. No differences were found before 
the procedure between the atherectomy and 
angioplasty groups: minimal luminal diameter 
(1-1 (0:4) mm v 1-1 (0:3) mm), diameter sten- 
osis (63 (10)% v 63 (9)%), area plaque (9:1 
(6:0) mm^ v 8:4 (4:6) mm^), and symmetry 
value (0:5 (0-3) 00-4 (0:3)). The curvature value 
in the atherectomy group was less than in the 
angioplasty group (15:9 (7:0) v 22:2 (13:1)). 
Directional atherectomy increased the minimal 
luminal diameter from 1:1 (0:4) mm to 2-7 
(0-4) mm and angioplasty increased it from 1:1 
(0:3) mm to 1-9 (0-4) mm. In addition, the 
diameter stenosis decreased from 63 (10)% to 
18 (8)% after atherectomy and from 63 (9)% to 
36 (11)% after balloon dilatation. Similarly, the 
plaque area was reduced from 9:1 (6:0) mm! to 
2-4 (1:7) mm? after atherectomy and from 8-4 
(4:6) mm^ to 5:3 (4:2) mm’ after angioplasty. 
So the gain in lumen diameter with atherec- 
tomy was greater than that with balloon angio- 
plasty (1:6 v 0-8 mm; p < 0-0001). 


HISTOLOGY 

The appearance of the removed specimens was 
highly variable, ranging from translucent strips 
of white tissue to yellow tissue with brown 
areas corresponding to thrombus. Tissue sam- 
ples of 62 of the 64 lesions were examined 
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Figure 4 Haematoxylin-azofloxin stained histological 
cross-section through a specimen obtained by coronary 
atherectomy. This specimen contained all three vessel wall 
components, Internal elastic membrane between intima 
and media ts clearly identified. 
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Table 3 Results of 6 month follow up 





Complication No 
Angina 10 
Infarction ] 
PTCA /ath/stent 7 
CABG 2 
Death 0 





ath, atherectomy; CABG, coronary artery bypass grafting; 
PTCA, percutaneous transluminal coronary angioplasty. 


histologically. No histological specimen was 
available of the patient who died three days 
after the atherectomy procedure. The atherec- 
tomy specimens were scored for the presence of 
atheroslerotic plaque; intimal hyperplasia; 
thrombus; and media and adventitia. Athero- 
sclerotic plaque was found in 35 specimens and 
intimal hyperplasia was present in 27. Intimal 
hyperplasia was found in 17 of 19 restenosis 
cases. Media was found in 16 patients; five of 
these specimens also contained adventitial tis- 
sue (fig 4). In five patients with restenosis after 
stenting, atherectomy was performed within 
the stent. Microscopical examination of the 
excised samples showed intimal hyperplasia 
with capillary ingrowth suggesting the 
presence of an organised thrombus. Immuno- 
histochemical staining showed a positive re- 
action with antibodies for vimentin and alpha 
smooth muscle cell actin that was consistent 
with the presence of myofibroblasts. 


CLINICAL FOLLOW UP 

At one month 50 of the 54 patients who 
underwent a successful atherectomy were free 
of angina. One patient with incomplete revas- 
cularisation was in New York Heart Associa- 
tion functional class II, one patient suffered a 
myocardial infarction, one patient underwent a 
balloon angioplasty for early restenosis, and 
one patient had coronary bypass grafting eight 
days after a successful atherectomy procedure. 
This patient was operated upon because of a 
suspected pericarditis in the presence of a 
coronary aneurysm (shown on the coronary 
angiogram) and possible perforation. At sur- 
gery no pericardial fluid was found. 

Forty six of the 54 patients who underwent a 
successful atherectomy procedure completed 
their six months clinical follow up (table 3). 
Thirty six patients (80%) had a persistent 
successful long term clinical course. Ten 
patients complained of recurrent angina: two 
were treated medically, four had a balloon 
angioplasty for restenosis, one underwent a 
second atherectomy procedure for restenosis, 
and one had an atherectomy for a new stenosis, 
one underwent stent implantation for resten- 
osis, and one patient had a coronary bypass 
operation because of a restenosis with extensive 
three vessel disease. 


Discussion 

Although balloon angioplasty has excellent 
short term results with an initial success rate of 
over 90%,’* a few complications can cause 
serious problems. Various pre-procedural 
angiographical risk factors have been identified 
for acute complications. Among these are 


lesion length, bend and branch point,’ lesion 
eccentricity, calcification,’ and myocardial 
jeopardy score.^ 

Acute coronary occlusion is the major cause 
of in-hospital morbidity and mortality. Such an 
acute coronary occlusion is usually secondary 
to a coronary dissection." In experimental 
preparations dissections have been found most 
often in areas containing thick and multiple 
atherosclerotic plaques. Therefore, it is not 
surprising that acute occlusion is related to 
lesion length, which seems to correlate with the 
amount of atherosclerotic material at the site of 
balloon inflation. 

Because of these observations, conventional 
coronary angioplasty may not be the ideal non- 
operative treatment of large and eccentric 
plaque in proximal coronary artery disease. 
Recently, new techniques that remove the 
atherosclerotic plaque have been introduced 
for the treatment of obstructed coronary 
arteries." Directional coronary atherectomy 
is one such new alternative to conventional 
angioplasty that is especially used for high risk 
lesions—that is, a long eccentric stenosis. In 
this series 92% had an eccentric score of < 1-0, 


COMPARISON OF ATHERECTOMY AND BALLOON 
ANGIOPLASTY 

With the advent of various new devices 
designed to treat coronary stenotic lesions 
becomes difficult to define the proper indica- 
tions. Directional atherectomy is currently 
used as an alternative to balloon angioplasty for 
the treatment of proximal large and eccentric 
plaque. Initial experience showed a high initial 
success rate with a reasonable complication 
rate. But we do not know whether atherec- 
tomy is better than conventional balloon angio- 
plasty for the treatment of eccentric coronary 
stenosis. So far there have been no prospective 
randomised trials to compare atherectomy with 
balloon angioplasty. 

We used quantitative coronary artery 
analysis to assess the outcome of coronary 
atherectomy because it is the most objective 
method available. A computer based automatic 
edge detection angiographic analysis svstem 
such as this allows an accurate morphological 
description of the lesion that can be used to 
assess both the immediate and long term results 
of interventional techniques. When we closely 
matched stenoses treated by atherectomy with 
comparable stenoses treated by balloon ango- 
plasty we found that atherectomy increased the 
minimal luminal diameter more than balloon 
angioplasty (1:06 v O8mm; p < 00001). 
Although balloon angioplasty can efficiently 
dilate a lesion when the balloon is fuliy inflated, 
part of the luminal diameter increase will be 
lost due to the recoil phenomenon." Remodell- 
ing by compression (the Dotter effect) accounts 
for some of the increase in luminal diameter 
after angioplasty. We do not know the extent of 
the contribution of the Dotter effect during 
directional atherectomy. This would require a 
randomised trial in which the three stages of 
the atherectomy procedure (crossing the sten- 
osis by the device, subsequent inflation of the 
support balloon, and the cutting manoeuvre) 


128 


Serruys, Umans, Strauss, van Suylen, van den Brand, Suryapranata, de Feyter, Roelandt 


were separately assessed by quantitative 
angiography. Such a study is precluded by 
ethical considerations. 

Does the removal of atheromatous tissue 
explain the improvement in the luminal 
diameter? Rensing et al and others suggested 
that part of the luminal improvement is due to 
"facilitated angioplasty’’.” ^ Our study helps 
to clarify this issue. The intracoronary quanti- 
tative assessment of the device size showed a 
mean diameter of 2:1 mm increasing to 3-4 mm 
after balloon inflation, while the minimal 
luminal obstruction diameter and reference 
diameter were 1-1 mm and 3:0 mm, respec- 
tively. The introduction of the atherectomy 
device itself has a "dottering" effect that is 
subsequently combined with an angioplasty 
effect when the support balloon is inflated. 

Atherectomy was predominantly performed 
in long eccentric stenoses located in a proximal 
coronary artery containing a large athero- 
matous mass. Our primary angiographic suc- 
cess rate (87%), based on intention to treat 
analysis, is similar to the results reported so 
far.'*'® The treatment of such a lesion is 
currently a major challenge in interventional 
cardiology because it is known that the risk of 
acute complication is high in these lesions. We 
need a randomised study to establish whether 
these lesions are more safely and successfully 
treated by atherectomy than by conventional 
balloon dilatation. 


POTENTIAL RISKS 

This new and vigorous technique produces a 
larger luminal diameter than any other intra- 
coronary interventional technique.” " Because 
the depth of the resection and precise spacial 
orientation of the device are not controlled, it is 
possible to remove both medial and adventitial 
tissue. In one study adventitia was identified in 
30% of the resected specimens.” The 26% 
incidence of media in our specimens supports 
these findings. 

In one of our patients coronary perforation 
occurred three days after a bail-out atherec- 
tomy. Conventional angioplasty had led to an 
obstructive dissection which was removed by 
atherectomy; three days later the patient died of 
cardiac tamponade. In one patient formation of 
a coronary aneurysm occurred after the use of a 
relatively oversized 7 F atherectomy device. 
Embolisation of atheromatous material from 
the plaque to the periphery of the treated vessel 
occurred in two patients resulting in a non-Q 
wave infarction. Side branch occlusion was 
noted once. With the use of an 11 French 
sheath, major groin complications may occur; 
however, none of our patients developed a 
haematoma requiring blood transfusion or vas- 
cular surgical repair. These cases underline the 
risks associated with the aggressiveness of 
atherectomy. In future the device will un- 
doubtedly be modified to produce smaller, 
more flexible, and less traumatic systems. 


ATHERECTOMY AS A BIOPSY TECHNIQUE 

Recently Johnson et al reported their histo- 
logical observations on excised peripheral 
arterial tissue from atherectomy procedures.” 


They found that 75% of restenosis showed 
intimal fibrous proliferation compared with 9% 
in primary atherectomy lesions which consis- 
ted predominantly of typical atherosclerotic 
plaque.” Our results are consistent with theirs: 
89% of restenoses showed intimal hyperplasia 
compared with 24% of primary stenoses. 

In our study atherectomy was performed 
within a stent on five occasions. The tissue 
excised resembled that of other restenosis 
specimens. Microscopy showed intimal hyper- 
plasia and capillary ingrowth. Immunohisto- 
chemical staining showed that most of these 
cells were smooth muscle cells. We and others 
are currently investigating the behaviour of 
smooth muscle cells in culture from atherec- 
tomy material.” Thus atherectomy can be 
used to obtain material to throw light on the 
development of restenosis or to monitor 
pharmacological treatments. 

Directional coronary atherectomy is an effec- 
tive non-operative treatment of coronary artery 
lesions. It is particularly effective in removing 
atheromatous tissue specimens from eccentric 
lesions which are not particularly amenable to 
conventional balloon angioplasty. Quantitative 
analysis of the immediate results after coronary 
atherectomy shows a greater gain in minimal 
luminal diameter than with balloon angio- 
plasty. Using quantitative analysis we found 
evidence that a facilitated angioplasty effect 
partly accounts for the luminal improvement. 
Because the depth and site of the resection is 
not controlled, atherectomy can lead to serious 
complications. Atherectomy is a method of 
obtaining human (re)stenosis tissue which can 
be used to study the causes of restenosis. 
Despite the encouraging short term results, 
however, we need further studies of the 
ultimate indications and long term follow up. 


BHS is a research fellow of the Canadian Heart Foundation. 
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Early experience with low speed rotational 


angioplasty 


Mark H Anderson, David E Ward 


Abstract 

Objective—Preliminary assessment of 
the efficacy and safety of the low speed 
rotational angioplasty catheter system 
(ROTACS). 

Design—Open prospective trial. 

Setting—Department of cardiology in 
a teaching hospital. 

Patients—Eleven patients (10 with 
chronic stable angina and one with acute 
coronary occlusion after conventional 
angioplasty) in whom a coronary angio- 
gram showed occlusion or critical sten- 
osis of the coronary artery (right in 
seven patients, circumflex in two, and left 
anterior descending in two). The nature 
or severity of the lesion ruled out con- 
ventional coronary angioplasty. 

Interventions—An attempt was made 
to cross the lesion with a rotating guide 


wire with a blunt swelling at its tip. 


Where necessary progress was assessed 
by simultaneous injection of contrast 
into both main coronary arteries.. 

Main outcome measures—Progress of 
the ROTACS through the lesion that al- 
lowed a guide wire to pass into the distal 
vessel was regarded as a device specific 
success. When a guide wire crossed the 
lesion aided only by the support of the 
ROTACS without the use of rotation this 
was counted as a success that was not 
device specific. Failure to cross the lesion 
and any associated complications were 
noted. 

Results—The ROTACS. crossed only 
two of the 10 chronic lesions (20% device 
specific success rate); however, the sup- 
port it provided enabled a guide wire to 
cross a further two lesions and allowed 
subsequent successful angioplasty in 
four of the 10 patients. One of these four . 
patients presented after five months with ' 
recurrent angina requiring bypass graft- 
ing. The other three were symptom free 
at follow up seven months: after the: 
procedure. In the one patient with acute 
coronary occlusion the ROTACS was 
advanced over the guide wire to allow 
passage of an angioplasty balloon where 
this had previously proved impossible. 
An excellent final result was obtained and 
this patient remains symptom free. 
Three of the six patients in whom the 
ROTACS was unsuccessful had coronary 
artery dissection without sequelae. 


Three patients required subsequent elec- 
tive coronary bypass grafting for control 
of symptoms while the other three 
remain well on medical treatment. 

Conclusions— The ROTACS may 
extend the range of patients with coro- 
nary artery occlusion or critical stenosis 
who can be treated non-surgically. The 
low device specific success rate (20%) 
achieved in this study indicates that it 
should be compared with other simpler 
mechanical devices that may be just as 
effective. 


Coronary angioplasty has revolutionised the 
treaunent of coronary artery stenoses but, 
because of its low success rate when used to 
attempt vessel recanalisation, it has had 


„relatively little impact on the treatment of 


chronic coronary artery occlusion. 

Various devices have been developed in an 
effort to improve the results of transcoronary 
attempts.at recanalisation: In this: study we 
describe our initial experience with the low 


speed rotational. . angioplasty system 
(ROTACS). 
Patients and methods 


-We studied 11 patients (one woman ‘and 10 
men, aged 49-72 (mean 57-4)).. Ten had a 
history of chronie stable. angina. "These 10 
patients were referred for coronary arterio- 
graphy, which showed complete-occlusion or a 
critical coronary stenosis of a single coronary 
artery with or without important disease in 
the other coronary -arteries (table). The 
severity of the coronary lesion was such that 
we would not.have attempted conventional 
angioplasty. All patients had exercise tests 
‘showing ~ ischaemic changes (215mm ST 
segment depression) in leads consistent with 
the site of critical stenosis or occlusion. The 
"duration of occlusion or critical stenosis, 
estimated from sudden appearance of angina 
or occurence of a myocardial infarction, 
ranged from four to 31 months (mean 13 
months). Informed consent was obtained from 
all patients. 


EQUIPMENT 

The device evaluated in this study was the 
rotational transluminal angioplasty catheter 
system (ROTACS) manufactured by Dr Ing 
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Data on patients treated with the ROTACS 


i — € 


Complications 


False 
lumen + limited 
dissection 
False 
lumen + limited 
dissection 
Extensive dissection 


Staphylococcal 
septicaemia 


Length NYHA 
Age of grade 
Vessel of lesion TIMI  1,2,or 3 angina! ROTACS 
No Age attempted lesion fem) grade vessel disease SOB size (mm) Outcome 
{TAO 
l 52 RCA ? 30 2 Single 3/1 1-2 Success 
2 72 RCA 9/12 38 l Single 1/2 1:2 Failure 
3 60 RCA 8/12 3:6 2 Double 2/1 1-2 Success 
4 60 RCA 18/12 2:1 0 Double 2/1 1-2 Failure 
5 49 RCA 5/12 3-7 0 Triple 2/1 1-4 Failure 
6 54 Cx 9/12 0-5 0 Single 1/2 1-2 Failure 
7 54 LAD 24/12 1:2 I Single 3/3 1-2 Success 
8 55 Cx 12/12 0:6 2 Double 2/1 1-2 Success 
9 50 RCA 4/12 30 l Single 2/1 1:2 Failure 
10 67 RCA 31/12 1-0 l Single 2/1 1-4 Failure 
11 58 LAD Acute 0-8 0 Single 2/1 1:4 Success 
(during 
PTCA) 


Well after sing! 
CABG 

Stable on medica 
treatment 


Back at work 
Symptom free and at 
work 


Well after triple CABG 
Remains stabic on 

medical treatment 
Symptom fre 


Symptom frer 
Awaiting CABG 
Stable on medical 
treatmen 
Symptom free 


—— 


TIMI grading system: grade 0, no anterograde flow beyond point of occlusion; grade 1, contrast passes beyond obstruction but “hangs up" and falls to opacify thi 
entire distal coronary bed; grade 2, contrast passes beyond obstruction opacifying the distal coronary bed and rate of entry or clearance of contrast is retarded 


CABG, coronary artery bypass grafting; Cx, circumflex coronary artery; LAD, left anterior descending coronary artery; PTCA, percutaneous ! 


coronary angioplasty; RCA, right coronary artery; SOB, shortness of breath. 





Figure 1 


P Osypka GmbH (distributed in the UK by 
S-PACE). It consists of a flexible drive shaft 
with an olive shaped swelling (1:2, 1:4, or 
1:6 mm diameter) at its tip (fig 1). The drive 
shaft is hollow and can take an 0-014 inch 
guide wire. The drive shaft is contained in a 
flexible sheath which provides support. This 
whole assembly is inserted through an 8 or 9 
French gauge angioplasty guiding system. 
The proximal end of the drive shaft exits 
though a haemostatic valve and connects to 
a sterilisable battery powered variable speed 
motor unit (fig 1) that can drive the shaft at up 
to 200 rpm under load conditions. 


PROCEDURE 

Patients underwent routine preparation for 
coronary angioplasty and surgical cover was 
available for all procedures. The first two 
procedures were performed via the brachial 
route but the production of a longer 


ROTACS catheter enabled subsequent pro- 


The ROTACS (A). A battery powered motor drive unit drives a flexible 
stainless steel drive shaft that emerges from its supporting catheter to terminate in ( B) 
an oltve-shaped tip. 


cedures to be performed from the femoral 
artery. A check angiogram was performed to 
assess the length of the occlusion or stenosis 
Where there was no anterograde filling of the 
distal segment the other main coronary arter, 
was catheterised simultaneously from the left 
femoral artery. This enabled visualisation oí 
both left and right coronary systems with the 
collateral supply opacifying the distal segment 
(fig 2). The table shows the TIMI perfusion 
score’ of the vessels attempted. 

After 10 000 IU of heparin had been given 
the guiding system was introduced into the 
culprit vessel. We attempted to cross the 
occlusion/stenosis with a guide wire (0-014 
inch high torque intermediate or standard 
alone but this was invariably unsuccessful 
(cost considerations precluded the use of an 
angioplasty balloon to support the guide 
wire). The ROTACS was then passed via the 
guiding system into the coronary artery. The 
olive shaped head was rotated as it was moved 
slowly forward out of the supporting catheter 
and into the lesion (fig 3). Its progress was 
assessed periodically by contrast injection 


Figure 2 Angiogram of right coronary artery showing 
opacification of occluded distal segment by collateral flow 
from a second catheter in the left coronary arter, 
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Figure 3 The ROTACS 
advancing from the guide 
catheter into a right 
coronary occlusion. 


Figure 4 = Successful 
rotational angtoplasty of 
circumflex occlusion ( A} 
before and ( B ) after use of 
the ROTACS and 
dilatation by conventional 
angioplasty balloon. 





through the guiding system and, if necessary, 
retrograde opacification from the other coro- 
nary artery. When successful an 0:014 inch 
high torque floppy exchange wire was ad- 
vanced out of the central lumen of the drive 
shaft and left in position across the lesion 
while the ROTACS was exchanged for a con- 
ventional balloon angioplasty catheter. The 
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small size of the lumen created by the device 
meant that further angioplasty was invariably 
required. After angioplasty all patients were 
routinely treated with a calcium antagonist 
and aspirin. 


Results 

The table summarises the individual results. 
On only two occasions did the ROTACS drill 
successfully through a chronic coronary lesion 
(fig 4). On two other occasions it provided 
additional support for the guide wire and 
enabled it to cross the lesion; however, it 1s 
possible that these lesions could have been 
crossed by a conventional guide wire supported 
by an angioplasty balloon. In one patient who 
had had acute coronary occlusion during angio- 
plasty the device was successfully used over a 
guide wire to create a passage for an angioplasty 
balloon. Previous attempts to pass an angio- 
plasty balloon over the wire and through the 
occlusion had failed. 

In the remaining six patients we were not 
able to cross the lesion with the ROTACS. In 
three of these patients the drill seemed to make 
good progress through the lesion but sub- 
sequent contrast injection showed that the 
device had failed to enter the distal lumen and 
dissection proximal and distal to the lesion (fig 
5). No sequelae followed these dissections 
which all occurred in the right coronary artery 
and in lesions on a curve. In two other patients 
instability of the guiding system prevented any 
progress being made with the ROTACS, and 
in the final patient, who had a lesion in a 
tortuous circumflex vessel, no progress was 
made. Thus in only 20% of the patients with 
chronic coronary lesions was the rotary action 
of the ROT ACS device of importance in cross- 
ing the lesion. 


FOLLOW UP 

The patients in whom the procedure was 
successful have now been followed for seven 
months. Four (80%) remain symptom free and 
two returned to work within two weeks of the 





Proximal and distal dissection of the right 
coronary artery after a ROTACS procedure. 
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rotational angioplasty. The fifth patient was 
symptom free for five months and then pre- 
sented with unstable angina caused by resten- 
osis at the site of the original dilatation. She is 
now well after single vessel coronary artery 
bypass grafting. 

Three (50%) of the patients in whom the 
procedure failed required non-emergency 
coronary artery bypass grafting for persistent 
symptoms. The other three remain well con- 
trolled on medical treatment alone. 


Discussion 

Conventional balloon angioplasty 1s an effective 
treatment for non-occlusive coronary disease 
and for acute coronary occlusions. The efficacy 
of angioplasty falls steadily as the age of 
occlusion increases. Many other non-surgical 
approaches to reopening coronary occlusions 
are being assessed including the use of hollow 
guide wires,’ * the Magnum wire’ (a 0:021 inch 
wire with an olive shaped swelling on its tip), 
ultrasound, and laser and thermal energy.’ 
Varying success rates have been reported for 
these treatments, though no formal comparison 
has been made of their relative efficacy. The 
ROTACS represents a development of the 
simple mechanical approach offered by the stiff 
guide wire but without the technical complex- 
ity and costs associated with laser and ultra- 
sound. It uses a smooth, olive shaped swelling 
at the tip of a flexible drive shaft to displace the 
substance of the atheromatous plaque and 
enables passage of a guide wire and subsequent 
conventional angioplasty. 

Kaltenbach and Vallbracht at the University 
of Frankfurt have the biggest current series of 
patients treated with the device. So far they 
have reported the use of the device in 60 
patients selected because their coronary lesion 
could not be crossed by a guide wire.® Of these, 
46 had right coronary artery occlusions, eight 
left anterior coronary artery occlusions, four 
circumflex artery occlusions, and two aorto- 
coronary bypass grafts with a mean duration of 
occlusion of 8-2 months. The success rate in the 
first 10 patients was 30% and this improved to 
60% in the second 10 and subsequently re- 
mained ‘at this level. They reported coronary 
artery dissection in three of their first 20 
patients and in one subsequent patient who 
required emergency coronary artery bypass 
grafting.? They did not report any patients in 
whom a guide wire was able to cross the 
coronary lesion with solely the aid of the 
support provided by the ROT ACS catheter. 
We report a lower device specific success rate 
(20%) and a higher incidence of complications, 
though fortunately none was serious. We also 
had problems with binding of the drive shaft on 
the internal guide wire, though this can be 
avoided by complete removal of the guide wire 
before rotation of the device. 

The high incidence of arterial dissection 
noted in our patients is worrying. We found 
that in some patients the ROT ACS success- 
fully crossed an occlusion but then caused a 
dissection instead of entering the distal lumen. 
This was presumably because the ROTACS 
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passed behind the intima and stripped it from 
the media. Once this occurs the device can 
travelin this plane of low resistance without re- 
entering the vessel lumen. In all our patients 
the lesion was probed with a guide wire before 
the ROT ACS was used. Recently the manufac- 
turer has advised against performing rotational 
angioplasty within one month of probing the 
lesion with a guide wire. This suggests that 
such probing may be a potential cause for the 
dissections noted. 

Kaltenbach and Vallbracht reported follow 
up angiograms four months after angioplasty 
with a ROTACS in 17 patients.'? Three (18%) 
showed a good result, eight (47%) had sig- 


.nificant restenosis and had a successful repeat 


angioplasty, and six (35%) had re-occluded. 
We have not formally assessed restenosis with 
angiography but three of four patients remain 
symptom free while one required coronary 
artery bypass grafting for restenosis at the site 
of the occlusion. 

From our small series of patients it is hard to 
draw conclusions about which features of the 
lesion can affect the success rate and incidence 
of subsequent restenosis. The effect of patient 
age, sex, duration of the occlusion, and the 
appearance of the occlusion and its position 
within the coronary tree remain unknown. 
From our experience the stiffness of the device 
and the need for torque transmission preclude 
its use in tortuous vessels. The use of the 
ROTACS for lesions on a curve may increase 
the incidence of vessel dissection. 

We assessed the use of the ROTACS in 
pauents with critical coronary stenoses and 
complete occlusions. The primary success rate 
was low and use of the device was associated 
with frequent vessel dissection. There was a 
high incidence of restenosis and re-occlusion. 
The efficacy and cost effectiveness of this device 
need to be compared with simpler mechanical 
devices such as the Magnum wire before its 
widespread use can be recommended. 
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A pilot study of the efficacy and safety of bolus 
administration of alteplase in acute myocardial 


infarction 
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Abstract 

Objective—To examine the efficacy, 
safety, and the pharmacokinetic profile of 
a bolus dose administration regimen of 
alteplase in the treatment of acute 
myocardial infarction. 

Design—An open pilot study. 

Setting—District general hospital. 

Patients—33 suitable consecutive 
patients presenting within six hours of 
the onset of symptoms who satisfied the 
electrocardiographic criteria for acute 
myocardial infarction. 
Interventions—T wo intravenous boluses 
of 35 mg alteplase, 30 minutes apart. 

Main outcome measures—Angiogra- 
phic coronary patency at 90 minutes and 
24 hours. Plasma alteplase concentra- 
tion-time profile and pharmacokinetic 
analysis. 
Results—Coronary patency at 90 min- 
utes: 26 of 30 arteries (87%, 95% con- 
fidence interval (CI) 74-99%). Coronary 
patency at 24 hours: 24 of 29 arteries 
(83%, CI 69-97%). Mean (SD) plasma 
tissue plasminogen activator (t-PA) con- 
centration reached 4434:8 (2117:8) and 
4233:3 (2217:5) ng/ml within 10 minutes 
of each bolus and fell to 425:8 (288-3) 
ng/ml between boluses. The estimated 
peak concentrations at two minutes after 
boluses were 12 389 (8580) ng/ml and 
10 811 (6802) ng/ml. The derived phar- 
macokinetic variables were volume of 
distribution 3:11 (1°89)1, clearance 21:3 
(9:3) Ih, half life 5-9 (1-7) minutes. 

Conclusions—This simple administra- 
tion regimen achieved brief, high con- 
centrations of plasma t-PA that were 
well tolerated. The regimen was as- 
sociated with a high coronary. patency 
rate at 90 minutes that was well main- 
tained at 24 hours. 


Thrombolytic therapy is now accepted as a 
standard treatment for acute myocardial in- 
farction because studies have shown that it 
improves left ventricular function and reduces 
mortality."* The benefit of thrombolysis is 
improved by early treatment? and the re- 
establishment of coronary patency. T'herefore, 
the ideal thrombolytic agent should be easily 
and rapidly administered by the intravenous 
route and should effectively and rapidly restore 


coronary patency without adverse side effects. 
The ease of administration of the agent 
becomes increasingly important with the 
emphasis on immediate treatment on arrival 
in hospital and the possibility of starting treat- 
ment in the community. 

Alteplase (recombinant tissue plasminogen 
activator) is successful in restoring coronary 
patency,*!! with higher patency rates than a 
conventional dose of intravenous streptokin- 
ase." At present, the recommended dosage 
regimen for alteplase is a 10 mg bolus, with a 
tapering dose of 90 mg infused over three 
hours. This regimen was based on the 
apparent short half life of alteplase in the 
circulation," but clearly this regimen is a 
cumbersome one to apply urgently. 

We assessed the efficacy of two boluses of 
35 mg alteplase administered intravenously 30 
minutes apart in achieving angiographic 
coronary patency. We also studied the phar- 
macokinetics of this regimen. 


Patients and methods 

Thirty three consecutive patients (23 men and 
10 women, age range 40—74, mean age 56:3 
years) were admitted to Stobhill Hospital 
coronary care unit and recruited into the 
study. Patients were eligible for inclusion if 
they presented with chest pain of at least 30 
minutes’ duration, could be treated within six 
hours of the onset of symptoms, and had 
electrocardiographic evidence of acute 
myocardial infarction (ST elevation >1 mm 
in two limb leads or >2 mm in two precordial 
leads). Patients were excluded if they were 
over 75 years of age, had a previous infarct in 
the same anatomical distribution, or had any 
of the recognised contraindications to throm- 
bolytic therapy? or coronary angiography. The 
study protocol was approved by the local 
research and ethics committee. 

Table 1 shows the baseline characteristics 
of the patients recruited. After the patients 
had given their written informed consent and 
the protocol had been discussed with accom- 
panying relatives, the patients were given 
35 mg alteplase intravenously over 30 
seconds. This dose was repeated 30 minutes 
later. Al] patients received 150 mg aspirin 
orally immediately on entry to the study and 
daily thereafter. All patients were given an 
intravenous infusion of glyceryl trinitrate 
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Table i Details of study population 





Data Result 
Total 33 
Sex: 
Male 23 
Female 10 
Mean age (yr) 56 3 (10 5) 
arct related artery: 
LAD 12 
RCA 15 
LMCA 1 
Cx 2 
Angiography not performed 3 
Mean (SD) ume to therapy 208 (75) min 
Mean (SD) time to first angiographic 49 4(13 3) min 
injection 
Mean weight 73 2 (12 8) kg 
Dose of alteplase administered 70 m 


g 
Mean dose of alteplase administered 0 984 (0 173) mg/kg 


Cx, circumflex; LAD, left anterior descending; LMCA, left 
main coronary artery; RCA, right coronary artery. 


starting at 0-25 mg/h unless there was a 
specific contraindication. 

Coronary angiography was performed in 
the coronary care unit with an image inten- 
sifier (Siremobil 2N/2H) linked to a video tape 
recorder (JVC CR8200E). Details of this sys- 
tem have been described elsewhere.” The 
Seldinger percutaneous approach was used 
and a femoral sheath was left in situ. The 
coronary angiogram was started immediately 
after the second bolus of alteplase (30 minutes 
after the first bolus), and the infarct related 
coronary artery (as indicated by the admission 
electrocardiogram) was visualised as soon as 
possible after 30 minutes, then by selective 
injections at 60 and 90 minutes. The degree of 
perfusion was scored according to the Throm- 
bolysis in Myocardial Infarction (TIMT) scale 
and reviewed by an independent experienced 
cardiologist: a score of 0-1 indicated non- 
patency and one of 2-3 indicated a patent 
artery.° 

If the artery was occluded at 90 minutes, 
the study protocol allowed additional treat- 
ment to be given up to the total dose of 
100 mg alteplase, as recommended by the 
product licence. The other coronary arteries 
were visualised in standard angiographic 
projections. The femoral sheath was left in 
situ and coronary angiography was repeated at 
24 (8) hours after treatment to assess patency 
and reocclusion. 

An intravenous heparin infusion was started 
in all patients 3—4 hours after onset of treat- 
ment, and the dose was titrated against the 
thrombin time to a therapeutic ratio of 2:3. 
No bolus of heparin was given at the start of 
alteplase treatment. In all patients heparin 
was stopped for a short period at the time of 
the second angiogram to allow removal of the 


Table2 Angiographic details 


Non-patent 
Patent 


Reoccluded 
Angiography not performed 





Number of patients 
TIMI grade First tmyection 90 min 24h 
. 49-4 (13 3) min 

0 5 3 2 

l 2 1 3 
2 15 18 10 
3 8 8 14 
— — 0 0 
— 3 3 4 


femoral sheath. Venous blood samples were 
collected via an indwelling venous catheter 
from the first 24 patients before treatment, and 
then 10, 20, 30, 40, 50, 60 minutes and 2, 4, 8, 
12, 24 hours after the first bolus of alteplase, 
into sodium citrate. The samples were cen- 
trifuged immediately at 0°C, separated, and 
frozen at —40°C. Subsequent analysis for 
antigen was performed by an enzyme linked 
immunosorbent assay (ELISA). 


Results 

ANGIOGRAPHIC PATENCY 

The infarct related artery was first visualised at 
49-4 (13-3) minutes after the first bolus of 
alteplase. The artery was visualised within 55 
minutes in 26 of 30 (86%) patients. In three 
patients an acute angiogram was not obtained: 
in one because of haemodynamic instability, in 
one because of death before 90 minutes, and 1n 
one it was not possible to inject the right 
coronary artery. 

In three patients, although the entry criteria 
were satisfied, the serial electrocardiographic 
changes of acute myocardial infarction did not 
occur and cardiac enzymes were normal. In one 
of these patients the right coronary artery could 
not be visualised and this patient is not 
included in the angiographic data. In all other 
patients angiographic data were obtained 
within 90 minutes of start of treatment and the 
results presented are the patency rates of all 
patients in whom coronary visualisation was 
achieved at each time point. At the first injection 
of the infarct-related artery (49-4 (13-3) mins) 
23 of 30 (77%, 95% confidence interval (CI) 61 
to 92%) arteries were patent. At 90 minutes 
this had increased to 26 of 30 (87%, 95% CI 74 
to 99%) arteries (table 2). 

Two patients were given a further intra- 
coronary dose of 30 mg alteplase after the 90 
minute angiogram. In one there was intermit- 
tent reperfusion of the index artery during the 
period of angiographic observation. In the 
other, after occlusion of the left main coronary 
artery, there was penetration only of the cir- 
cumflex at 90 minutes. In both patients, the 
arteries were patent at the 24 hour angiogram. 

One patient did not undergo the 24 hour 
angiogram because of haematoma formation 
after splitting of the femoral sheath. At 24 
hours, 24 of 29 arteries (83%, 95% CI 69 to 
97%) were patent. Seven patients improved 
their angiographic appearance by at least one 
grade, with three achieving reperfusion. 
However, five deteriorated at least one grade 
with three arteries becoming reoccluded (1094, 
95% CI 0 to 22%). 


ADVERSE EVENTS 
The only adverse events documented in our 
study group were bleeding complications. In 
five patients significant haematomata developed 
at the site of arterial access for coronary 
angiography. Two patients suffered minor 
coffeeground haematemesis and one other bled 
from the gums. No patient required a blood 
transfusion or specific intervention. 

One patient died during the study. This 
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Figure Plasma t-PA 
concentrations (mean 


(SD) ) after two 
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patient had severe triple vessel disease and a 
previous myocardial infarction. Shortly after 
admission and treatment cardiogenic shock 
developed and he died despite inotropic 


support. 


PLASMA t-PA CONCENTRATIONS 

The mean (SD) pretreatment plasma t-PA 
concentration (20-1 (4:3) ng/ml) was signifi- 
cantly higher than our laboratory normal (3:6 
(1 3) ng/ml). It rose to 4434-8 (2117:8) ng/ml 
within ten minutes ofthe first bolus of alteplase, 
fell to 425-8 (288-3) ng/ml before the second 
bolus, and rose again to a peak of 4233-3 
(2217-5) ng/ml within 10 minutes of the second 
bolus (figure). Mean concentrations then fell 
rapidly and at four hours were about twice the 
pretreatment values (40-6 (28-6) ng/ml). After 
this t-PA concentrations were low, variable, 
and at approximately physiological values. 
This introduced considerable random varia- 
tion in the pharmacokinetic fitting; therefore 
the data fitted were the baseline-subtracted 
concentrations confined to the four hour period 
after the administration of alteplase. This 
approach was adopted by others. “ 

The individual declines in t-PA concentra- 
tion were fitted to one, two, and three compart- 
ment pharmacokinetic models, but a satisfac- 
tory fit was obtained only with the one compart- 
ment model. The pharmacokinetic results 
derived from this model were volume of dis- 
tribution 3-11 (1-89) | (coefficient of variation 
(CV) 35-6 (26-7)%), clearance 21-3 (9:3) I/h 
(CV 14-1 (11-7)%) and half life 5-9 (1-7) min. 
The coefficients of variation are means (SD) of 
the coefficients of variation of the individual 
fitted data and express the quality of fit of the 
model (table 3). Using this model we estimated 
the plasma t-PA concentrations two minutes 
after the beginning of the intravenous boluses 
of alteplase, as a measure of the peak concentra- 


Table 3 Pharmacokinetic variables 





. Variable Mean SD 
Clearance (t/h) 214 95 
cient of variation of 

estimates of clearance (%) 14 1 - 11-7 
Volume of distribution Q) 311 1 89 
Coefficient of variation o 

estimates of volume (%) 35-6 26 7 
Half life (min) 59 17 
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tions achieved with this administration 
regimen. The peak concentration was 12 389 
(8580) ng/ml two minutes after the first bolus 
and 10 811 (6802) ng/ml after the second bolus 
of alteplase. 


Discussion 

Our results show that a regimen of alteplase 
administered intravenously as two boluses of 
35 mg at an interval of 20 minutes is effective in 
restoring coronary artery patency in acute 
myocardial infarction. To allow comparison 
with other patency studies, our primary end 
point of efficacy was patency at 90 minutes after 
treatment, but in addition we have angiograms 
earlier in the course of treatment to assess the 
time to reperfusion. At the time of first injec- 
tion, at a mean of 49 minutes after treatment, 
77% of our patients had patent index coronary 
arteries; this improved to 87% within 90 min- 
utes, showing that patency is achieved rapidly 
and effectively. 

Direct comparison with other studies of 
recombinant tissue-type plasminogen activator 
(r-tPA) is difficult because of several confound- 
ing factors. Other studies used different admin- 
istration regimens with widely varying doses of 
two different preparations of rt-PA, with dif- 
ferent specific activities." !* In addition, 
whereas some workers studied patency others 
studied reperfusion, with a difference owing to 
sub-total coronary occlusion at Pree? 
and spontaneous reperfusion.” 

Verstraete and coworkers showed patency 
rates of 61% at 75—90 minutes after treatment 
using 0-75 mg/kg of double chain rt-PA over 90 
minutes." The same group using a 40 mg 
infusion of double chain rt-PA over 90 minutes 
achieved a coronary patency rate of 6696 at 90 
minutes. ^ Topol and the TAMI group 
achieved a patency rate of 68% with 70 mg of 
rt-PA over 90 minutes and one of 79% with a 
high dose (1:5 mg/kg) of alteplase over four 
hours in conjunction with a high dose of 
heparin." ?' In TIMI I workers used 80 mg of 
double chain rt-PA over three hours and found 
a reperfusion rate of 5694.9" Williams et al used 
the same dose of 80 mg over three hours and 
found a similar reperfusion rate of 68%.° 

Published reports of studies of bolus doses of 
alteplase are limited. Verstraete et al using 
single boluses of alteplase found that doses of 
60 mg and 50 mg were associated with reper- 
fusion rates at 90 minutes of 32% and 45% 
respectively, although a maximum dose of 
70 mg achieved reperfusion in 72%.” Khan et 
al evaluated four boluses of double-chain t-PA 
of 25 mg given over 60 minutes and showed 
recanalisation in 11 of 14 patients; they sugges- 
ted that this regimen achieves coronary patency 
more rapidly.? In our study, 70 mg divided 
into two boluses also achieved a high patency 
rate, and would be expected to be associated 
with fewer bleeding complications.” 

In a recent small study Smalling et al, used 
rapid intravenous infusion of a weight adjusted 
dose of alteplase, and a median dose of 145 mg. 


-They reported a 90 minute patency rate of 


84%, which was significantly higher than the 
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control group who received a conventional 
three hour infusion of 100 mg.? These results 
suggest that rapid administration of the throm- 
: bolytic agent achieves higher patency, and that 
it is the peak concentration of agent achieved 
that is important—an inference supported by 
our data. 

The reported higher patency rates were 
achieved with higher weight adjusted doses of 
rt-PA. In our study the total dose of 70 mg 
alteplase represents a mean dose of 0-98 mg/kg. 
This contrasts with 1-5 mg/kg administered by 
Topol et a and the fixed doses of 150 mg used 
in the TIMI II study?! or 100 mg used in the 
Australian National Heart Foundation Study.” 
The 100 mg dose is recommended. by the 
manufacturers" and is now in regular use. 
Despite the lower dose we used, our patency 
rate of 87% at 90 minutes compares favourably 
with the published data. 

Pharmacokinetic analysis of the plasma t-PA 
concentration-time profile after this bolus 
administration regimen of alteplase shows that 
very high, short lived concentrations of t-PA 
are achieved shortly after injection of the drug. 
The concentration of t-PA achieved at 10 
minutes (4434-8 (2117:8) ng/ml is 34% higher 
than the peak concentration attained by 
Seifried et al, with 100 mg of single chain rt-PA 
delivered as a 10 mg bolus and 90 minute 
tapered infusion. We found t-PA concentra- 
- tions in excess of 2 300 ng/ml in all our patients 
and predicted concentrations two minutes after 
the boluses of alteplase in excess of 10 000 
ng/ml. As would be expected, the period dur- 
ing which t-PA concentration was in excess of 
1000 ng/ml is shorter with bolus administration 
than with prolonged infusion. 

Despite the short duration of high plasma 
t-PA concentrations the reocclusion rate to 24 
hours of three of 29 patients (10%) resembles 
previous experience.” 

Our patients’ pretreatment t-PA concentra- 
tions were raised, but 4-8 hours after alteplase 
concentrations fell to physiological values. 
After four hours in all patients, t-PA concen- 
. trations were low and variable, making fitting to 
pharmacokinetic models difficult. To eradicate 
this variable, we fitted the data for the first four 
hours only and used baseline-subtracted 
values. Despite taking frequent blood samples 
we were unable to define multiple phases of 
elimination, unlike others. Our data fitted our 
chosen model satisfactorily, as reflected in low 
standard deviations for each individually fitted 
variable. These individual standard deviations 
were expressed as coefficients of variation (CV) 
of their respective estimated variable and the 
CVs expressed as the mean. The mean CV of 
the estimate of mean clearance was 14% and 
that of the estimate of mean volume of distribu- 
tion 36%, which indicates that the estimate of 
these mean variables was reliable. Previous 
studies have not reported details of the quality 
- of fit of their models and therefore of the 
reliance that can be placed on their estima- 
tions."? 14 

Our findings confirm the rapid clearance of 
t-PA from the circulation, with a half life of 5-9 
(1:7) minutes and modest inter-patient 
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variability. These closely correlate with 
previous reports in patients, although they are 
somewhat slower than findings in normal 
volunteers with a lower total dose—possibly 
reflecting diminished cardiac output and 
hepatic blood flow in our patients with myocar- 
dial infarction. Our estimate of volume of 
distribution of 3-1 (1-9) | is very similar to 
previous estimates in both patients and volun- 
teers. 

Some workers have found a dose related rise 
in bleeding complications, in particular 
intracranial bleeding.* In our study, using a 
relatively small dose of alteplase, we saw bleed- 
ing complications in eight (24% ) of 33, with five 
of these being related to arterial access for 
coronary angiography; there were three 
episodes of minor gastrointestinal bleeding 
(979). No patients required transfusion or 
specific intervention. These results are similar 
to previously published data,*? ? but our small 
study numbers do not allow firm conclusions to 
be drawn. 

Our findings show that alteplase adminis- 
tered as two intravenous boluses of 35 mg 30 
minutes apart reliably produced very high 
concentrations of t-PA in the plasma, which 
was rapidly cleared from the circulation and 
allowed a high coronary patency rate in acute 
myocardial infarction. The total dose adminis- 
tered was less than that used in many studies 
reporting high patency, yet reocclusion rates 
were similar to those reported before. The 
greater simplicity of administration and higher 
efficacy of this regimen may allow alteplase 
treatment to be safely started before admission 
to hospital with the advantages that such earlier 
administration would give. 
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Immunoglobulin response to intravenous 
streptokinase in acute myocardial infarction 
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Abstract 

Objective—To devise assays to assess 
and follow the specific antibody response 
in patients treated with streptokinase for 
acute myocardial infarction. 

Design—Venous blood samples were 
collected before treatment with strep- 
tokinase started and subsequently at 
regular intervals over one year. Specific 
IgG and subclass IgG1 were assessed by 
an enzyme linked immunosorbent assay. 


Setting—Coronary care unit in a 
general hospital. 
Patients—48 patients with acute 


myocardial infarction: 22 patients had 
venous blood samples taken at presenta- 
tion only; serial blood samples were 
taken from 20 patients who then received 
thrombolytic therapy with streptokinase 
and six patients who were unsuitable for 
thrombolytic therapy. 

Results—Titres of antibodies to strep- 
tokinase were low at presentation in 36 
(75%) of the 48 patients. Serial 
measurements made in 20 patients 
showed the virtual disappearance of 
antibody within the first 24 hours. This 
was followed by a steady increase in the 
specific IgG1 titre, which peaked at day 14 
before gradually declining. Values at one 
year remained significantly higher than 
baseline values. There was no evidence of 
an IgM response in the patients studied. 

Conclusion—Low titres of antibodies 
to streptokinase were widespread in the 
population. Antibody was consumed 
after treatment and the subsequent 
immunoglobulin rise suggested a secon- 
dary immune response; the recently 
described neutralising capacity to strep- 
tokinase is probably related to this 
antibody. 


Ihrombolysis is now a routine treatment for 
acute myocardial infarction. It improves mor- 
bidity by reducing infarct size and reduces 
overall mortality.'^ Streptokinase is the most 
widely used and least expensive thrombolytic 
agent; in the United Kingdom more exper- 
ience has been gained with this agent than 
with any other. It is most often produced by fj 
haemolytic streptococci group C but is also 
produced by groups A, D, and E. Because 
streptokinase is a foreign protein it is 
antigenic, unlike some other thrombolytic 
agents such as tissue plasminogen activator or 
urokinase. Studies of the dose of streptokinase 
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required to achieve a thrombolytic state 


showed that antibodies to streptokinase were 
widespread in the community.’ The presence 
of these antibodies raises the possibility of an 
adverse immune reaction after treatment with 
streptokinase. 

There are few published reports on the 
allergic aspect of thrombolytic therapy with 
streptokinase and these are mainly anecdotal. 
The reported incidence of allergic reactions 
varies from 1-775 to 18%. These reactions 
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include acute anaphylaxis,” serum sickness,’ 
and delayed hypersensitivity.” Nevertheless, 
the relation of the reactions to the immune 
response is poorly understood. Currently, it is 
recommended that streptokinase treatment 
should not be repeated between three days 
and six months after the initial dose. 

The purpose of the present study was to 
devise assays to assess and follow the antibody 
response in patients given streptokinase for 
acute myocardial infarction so that the safety 
of streptokinase therapy can be determined 
more reliably. 


Patients and methods 

We studied 48 patients (38 men and 10 
women, aged 42-80), with acute myocardial 
infarction. Myocardial infarction was diag- 
nosed on the basis of chest pain and definite 
electrocardiographic changes (ST elevation 
>2mm or T wave inversion in both). Twenty 
two of the patients had a venous blood sample 
taken at presentation only. A further 20 
patients who were suitable for thrombolytic 
therapy with streptokinase and six patients in 
whom streptokinase was  contraindicated 
(duration of chest pain > 24 hours, peptic 
ulceration, recent surgery etc) were followed 
for up to one year. For these 26 patients, 
10 ml of venous blood was taken at admission 
or immediately before treatment with strep- 
tokinase; within 24 hours of treatment or 
admission; on days 2—4; days 7, 14, and 28; 
and then at intervals of approximately 2, 4, 6, 
8, 10 months, and one year after treatment 
(samples were usually taken within seven days 
of each time point after one month). 

Enzyme linked immunosorbent assays were 
developed for IgG and the IgG] subclass by 
the methods of Voller er aj." In brief, the 
wells of microtitre plates (Gibco, UK) were 
coated with 200 ul of 300 IU/ml of strepto- 
kinase (Kabivitrum Pharmaceuticals) in 0-05 
mol/l carbonate/bicarbonate buffer (pH 9-5) 
and incubated for 16 hours at 4°C. The plate 
was then washed three times in phosphate 
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Figure! IgG standard 
curve (unbroken hne) and. 
IgG! standard curve 
(dotted line) (1 SD) 

(n = 6). The vertical axis 
1s the optical density of the 
colour change and the 
horizontal axis 1s the 
serum dilution on a 
logarithmic scale. 


Figure 2. Method of 
obtawung result from a 
patient sample. The 
optical density results are 
shown for dilutions of a 
patient's sample (O ) and 
standard sample ( 8 ). 
The optical density B-C i5 
obtained for the fixed 
dilution of the standard 
serum (A) The point 
where line B-C transects 
the patient’s sample 
dilution curve (D) i$ 
determined and the 
corresponding dilution ( E) 
15 taken as the result for 
the sample. 
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buffered saline with 0:01% Tween to remove 
any unbound antigen. Several dilutions of 
patient serum in the same buffer were then 
added to the wells and incubated for two 
hours at room temperature. The plates were 


again washed three times with buffer to - 


remove unbound antibody. Horseradish per- 
oxidase conjugated to sheep anti-human 
immunoglobulin (Immunodiagnostic Research 
Laboratory, University of Birmingham) was 
then added and incubated for a further two 
hours at roóm temperature. The plates were 
again washed to remove unbound anti- 
globulin, hydrogen  peroxidase/o-phenyl- 
enediamine (Sigma, UK) in phosphate/citrate 


"buffer (pH 5:0) was then added and the 


incubation was allowed to continue. When the 
colour change of a known positive standard on 
the plate reached a pre-determined- value the 
reaction was stopped by the addition of 
0-5 mol/l citric acid. The optical density of 
each well was read at 490 nm with a spectro- 
photometer (Dynatech Laboratories, UK). 

Assays were devised to measure total IgG, 
IgGl, IgG2, IgG3, IgG4, and IgM. Standard 
IgG and IgGl curves were generated from 
serum obtained from.a patient who had been 
treated with streptokinase 10 days before (fig 
1), and the IgM standard curve was generated 
from a known positive serum sample (kindly 
provided by Professor M Dykewicz, Depart- 
ment of Immunology, Northwestern Univer- 
sity Medical School, Illinois, USA). 

Results were expressed with reference to a 
fixed dilution on a standard curve that was 
included on every plate. This fixed titre was 
taken as a 1 in 6000 dilution of the standard 
serum for IgG and as a 1 in 4000 dilution for 
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IgGl. The optical density value correspond- 
ing to the standard fixed dilution was obtained 
and the corresponding dilution giving the 
same optical density was derived from the 
dilution curve for each patient sample. The 
value obtained in this way from the patient 
dilution curve was taken as the result for that 
patient’s serum. The reciprocal of the dilution 
was taken as the antibody titre (fig 2). Where 
undiluted patient serum did not achieve the 
optical density of the fixed standard plasma 
dilution the result was taken as zero for statis- 
tical purposes. 

The validity of the assay was confirmed by 
pre-incubating pure streptokinase with 
positive serum in a separate experiment. 


. When the sample was tested subsequently 


with the ELISAs a negative result was 
obtained. 

The reproducibility of the assays was deter- 
mined at the upper and lower ranges. For the 
low antibody titres we tested a patient’s 
sample obtained before treatment. We tested 
within batch reproducibility by measuring the 
same sample six times on the same plate. At a 
mean IgG titre of 19 the within batch co- 
efficient of variation (CV) was 14:7%. It was 
12-7% for IgG1 (mean titre = 12). Between 
batch reproducibility was assessed by assaying 
the same sample six times on different days. 
The between batch CV was 29% for IgG and 
31-8% for IgGl. 

For the high titres the reproducibility was 
assessed by using a patient's sample obtained 
14 days after streptokinase treatment. At a 
mean IgG titre of 4200 the within batch CV 
was 6:9% and. the between batch CV was 
12:976. Results for IgGl1 (mean titre = 1750) 
gave a within batch CV of 7-795 and between 
batch CV of 14-295. 

Total plasma IgG and IgM were assessed 
by single. radial immunodiffusion"? on 
prepoured plates (Binding Site, University of 
Birmingham) at presentation in the 20 
patients followed after streptokinase therapy 
and the six patients who were not treated with 
streptokinase. 

All results are expressed as mean (SE). The 
statistical significance of differences between 
patient groups and between daily data was 
determined by the Wilcoxon rank sum test for 
paired and unpaired data. 

All patients gave informed consent and the 
study was approved by the local ethics com- 
mittee. 


Results 

Twelve of the 48 patients had no detectable 
IgG anti-streptokinase antibody before treat- 
ment. The remaining 36 patients.had titres 
varying from 1 to 140. Figure 3 summarises the 
distribution of these titres. 

Figure 4 shows the time course of the IgG 
response to intravenous streptokinase infusion 
in 20 patients. At presentation 16 of the 
patients had a detectable antibody titre (mean 
baseline titre for all 20 patients was 14-63 (4)). 
After infusion of streptokinase the titre showed 
a significant fall (p = 0-003) and became 
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Figure 3 Distribution of 
baseline IgG titres of the 
48 patients. The 
horizontal axis indicates 
the rectprocal of the 
antibody titre. The 
histograms indicate the 
number of patients 
fvertical axis) with that 
titre, Two patients were off 
the scale and had baseline 
titres of 80 and 140 
respectively, 


Figure 4 Time course 

( horizontal axis) of the 
IgG response ( vertical 
axis) to intravenous 
streptokinase. Histograms 
are mean values and bars 
are 1 SE. All points 
indicated by asterisks are 
significantly higher than 
the baseline ( day 0) value. 
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undetectable in 17 of the patients (mean titre 3 
(2)). Subsequently there was a gradual increase 
and by day 4 the titre (91 (41)) was significantly 
higher — than baseline concentrations 
(p — 0:018). The titre increased further by day 
7 reaching a peak on day 14 (mean titre 3192 
(771) (p < 0-0001). Subsequently, the titre 
gradually declined, levelling off after about six 
months. However, by one year the mean titre 
(131 (36) was still higher than the baseline 
value (p « 0-025). 

The pattern of IgGl results resembled that 
for IgG. IgGl titres were detectable in 13 
patients (mean 26 (7)) Within 24 hours of 
treatment with streptokinase the titre 
decreased to 1 (1-47) (p = 0-003). Subse- 
quently it rose and it was significantly increased 
by day 4 (mean 79 (27) (p = 0-02)). It reached a 
peak on day 14 (mean 1751 (5893 (p = 0-0004)) 
and declined to 107 (41) (p < 0-025) by one 
year. Figure 5 summarises the results. 

There was no evidence of IgG2, IgG3, or 
IgG4 antibodies to streptokinase and only low 
titres of IgM (< 1/30) which did not alter over 
the period of the study. 

There was a large variation in the antibody 
response. Though the baseline titres were 
relatively similar for all patients, peak titres for 
IgG varied from 140 to 10 000, and two 
patients had peak titres of «200. However, 
even these patients showed no IgM antibody 
response to streptokinase even though total 
IgM and IgG were normal. 

The six control patients who did not receive 
streptokinase had a mean baseline IgG titre of 
10 (5) which was similar to that of the patients 
who received the drug. This titre did not 
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Figure S Time course ( horizontal axis) of the led! 
response (vertical axis) to intravenous streptokinase. 
Histograms are mean values and bars are | SE, AH 
points indicated by asterisks are significantly higher than 
the baseline ( day 0) values. 


14 (7); day 4 = 11 (6); day 14 = 19 (55; day 28 
= 16 (5). Nor was there any change in IgG! 
antibody titre over the same period. 

Total IgG and IgM results were normai for 
all patients (mean total IgG concentrations = 
9355 (953) mg/l; IgG range 1406-16400 mg/l; 
mean total IgM = 1739 mg/l (2105; IgM range 
525-2540 mg/l). 


Discussion 

The purpose of this study was to assess the 
presence and nature of streptokinase antibodies 
and their response to an intravenous infusion of 
streptokinase. 

Most of the patients (75%) had detectabie 
IgG and IgG] antibody titres to streptokinase 
at presentation. The values were relatively low, 
but they indicate that such antibodies are 
widespread in the population, presumably as a 
result of streptococcal infection (none of our 
patients had been treated previously with 
streptokinase). 

The antibody titres fell within 24 hours of 
treatment presumably because of combination 
between the antibody and antigen, streptokin- 
ase. Thereafter, the antibody titres increased 
gradually; they were significantly raised four 
days after treatment. T'he titres reached a peak 
after 14 days and subsequently declined but 
they had still not returned to baseline values 
after one year. 

This pattern of immunoglobulin change sug- 
gests a secondary immune response. ihe 
antibodies found both at presentation and in 
the subsequent response were IgG and of the 
IgGl subclass as predicted for a protein 
antigen such as streptokinase. This pattern of 
response and the absence of a rise in IgM titre 
indicate that this is a secondary rather than a 
primary immune response, The six control 
patients showed no significant change in titre, 
again indicating that the antibody response was 
specific to streptokinase treatment. 

Peak antibody titres to streptokinase varied 
considerably among patients (from 140-10 000 
for IgG) with two patients showing only a 
slight rise (140 and 175) respectively). We do 
not known whether this represents an extreme 


end of the normal range or whether these two 
subjects have an isolated immune deficiency 
against protein antigens. Certainly they had no 
history of recurrent infections. Further studies 
of their response to other protein or polysac- 
charide antigens, however, would be needed to 
rule out this possibility. 

The time course of the secondary immune 
response seen here resembles that described by 
Jalihal et al “for streptokinase neutralising 
capacity”, indicating that the neutralisation is 
probably due to antibody. Jalihal et al sugges- 
ted that the streptokinase dose should be 
titrated to overcome this neutralising capacity 
in patients in whom it is high. Our study 
suggests that if antibody is responsible for 
neutralisation, the dose would need to be 
increased if a patient presented with a second 
myocardial infarction within one year of the 
initial treatment. The administration of an 
increased dose of streptokinase within this 
period could lead to an immune reaction as well 
as a failure to achieve an adequate thrombolytic 
state. However, this possibility remains 
theoretical at present and further studies will 
be required to clarify the role and implications 
of these antibodies. Nevertheless, until their 
role has been clarified, it would be prudent to 
avoid repeating the dose between three days 
and at least one year after the initial therapy. 
During this period an alternative non- 
streptokinase thrombolytic agent could be 
used. 
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Predictive value of ventricular arrhythmias for 
patency of the infarct-related coronary artery after 


thrombolytic therapy 


Norbert M van Hemel 


Abstract ; 

In animal studies reperfusion of coron- 
ary arteries is commonly accompanied 
by ventricular arrhythmias. It is not 
certain, however, whether ventricular 
arrhythmias can be used as a reliable 
non-invasive marker of reperfusion in 
humans. Two-channel Holter recordings 
were obtained from the start of an 
intravenous infusion of streptokinase 
until coronary angiography (2:8 (2-7) 
hours (mean (SD)) afterwards) in 57 
patients with acute myocardial infarc- 
tion of less than four hours who were 
generally not treated with anti- 
arrhythmic drugs. Ventricular arrhyth- 
mias occurred in 21 (37%) of the $57 
patients: accelerated — idioventricular 
rhythm in 13 patients and non-sustained 
ventricular tachycardia in 15 patients. 
Seven patients had both accelerated 
idioventricular rhythm and non- 
sustained ventricular tachycardia. 
Coronary angiography showed a patent 
infarct-related vessel in 12 (92%) of the 
13 patients with accelerated  idio- 
ventricular rhythm (95% confidence 
interval 66 to 99%), in 22 (50%) of the 44 
patients without accelerated 
ventricular rhythm (95% CI 34 to 66%), 
in 11 (73%) of the 15 patients with non- 
sustained ventricular tachycardia (95% 
CI 45 to 92%), and in 23 (55%) (95% CI 
39 to 71%) of the 42 patients who did not 
have non-sustained ventricular tachy- 
cardia. Seventeen (81%) of the 21 
patients with accelerated idioventricular 
rhythm, or non-sustained ventricular 
tachycardia, or both, had a patent 
infarct-related vessel (95% CI 58 to 94%) 
as did 17 (47%) of the 36 patients with no 
ventricular arrhythmia (95% CI 29 to 
65%). 

In patients with accelerated idioven- 
tricular rhythm after thrombolysis the 
infarct-related vessel is almost certain to 
be patent; but the infarct-related coron- 
ary artery can still be patent when no 
arrhythmia is seen. 


Because intravenous thrombolytic agents are 
increasingly used to treat acute myocardial 
infarction non-invasively determined indices 
of reperfusion are needed.’ Ventricular 
arrhythmias are regarded as a reliable sign of 
reperfusion in most, but not all, laboratory 
animals.^? In humans, however, some of the 
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arrhythmias seen in the first hours after the 
onset of infarction can be attributed to the 
inherent electrical instability of the ischaemic 
myocardium and not to reperfusion. To inves- 
tigate the difference between "infarction 
arrhythmias” and “‘reperfusion arrhythmias”, 
we need to measure the patency rate of the 
infarct-related coronary artery and disorders 
of the heart rhythm within a well-defined 
interval. 

We therefore determined the predictive 
value of ventricular arrhythmias for patency 
of the infarct-related vessel in patients with 
acute transmural infarction by monitoring the 
heart rhythm with Holter recording from the 
start of streptokinase administration until 
angiographic visualisation of the infarct- 
related vessel up to four hours later (that is, 
the study period). 


Patients and methods 

PATIENTS 

Fifty seven patients with acute myocardial 
infarction were treated with intravenous 
streptokinase. We studied male and female 
patients below the age of 71 years with symp- 
toms of acute myocardial infarction for less 
than four hours and ST segment elevation of 
>1 mm in at least two leads of the standard 
12 lead electrocardiogram. We excluded 
patients with a history of abnormal bleeding, 
use of anticoagulant drugs, recent surgery 
(«2 weeks), previous cerebral haemorrhage 
or injury, impaired renal function (serum 
creatinine concentration — 300 umol/D, 
systolic blood pressure >200 mm Hg, dia- 
stolic 7» 120 mm Hg, severe heart failure with 
pulmonary congestion on admission, any 
malignancy (except those of the skin), or 
previous treatment with streptokinase. 

All patients were informed of the treatment 
and its potential risks and were asked for 
consent. f Blockers were used on the day 
before or on the day of admission by 10 
patients and calcium antagonists by six 
patients. During the study period 10 patients 
were treated with atropine for bradycardia or 
atrioventricular conduction disturbances. 
Lignocaine was given to five patients, in two 
by continuous infusion after an episode of 
ventricular fibrillation before admission to the 
coronary care unit. In the three other patients 
lignocaine was given as a bolus injection at 
home by the general practitioner for unknown 
reasons, probably extrasystoles. 


TREATMENT 
Twenty patients were treated as part of a 
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dose-ranging trial of streptokinase,' in which 
they received a one hour infusion of 200 000 
IU (n4) 750000 IU (n= 6), 
1 500 000 IU (n=5), or 3000 000 IU 
(n — 5) of streptokinase (Kabikinase). 
Twenty four other patients were treated with 
1 500 000 IU of intravenous streptokinase 
plus oral or intravenous captopril (Capoten) in 
an attempt to diminish reperfusion damage of 
the myocardium, as described elsewhere. 
Thirteen other patients were given 1 500 000 
IU of intravenous streptokinase only. The 
infusion was stopped if allergic reactions, 
bleeding complications, or a fall in blood 
pressure developed. Steroids, antiarrhythmic 
drugs, or salicylates were not used routinely. 
Analgesic drugs and nitrates were given 
freely. Coronary angiography was performed 
within four hours of the streptokinase 
infusion. 


CORONARY ANGIOGRAPHY 
Coronary cineangiography was performed by 
the Judkins approach. Immediately after the 
introduction of a sheath in the femoral artery, 
patients were given 5000 IU of heparin. 
Furthermore, each patient was treated with 
2-5 mg isosorbide dinitrate sublingually. The 
right coronary artery was usually filmed in two 
projections and the left coronary artery in at 
least three views. All coronary angiograms 
were independently analysed by cardiologists 
who specialised in coronary angiography. The 
perfusion of the infarct-related vessel was 
classified according to the thrombolysis in 
myocardial infarction (TIMI) study group’: 
patency was defined as TIMI perfusion class 
II or III. 

\ 
HOLTER RECORDINGS 
A two-channel Holter recorder was connected 
to the patient immediately on admission. Soon 
after infusion of streptokinase began. Record- 
ing continued until angiography of the 
infarct-related vessel was completed. All 
recordings were manually analysed on a beat- 
to-beat basis (paper speed 25 mm/s) by one 
experienced cardiologist (JHL) and all arr- 
hythmias detected were recorded on paper. 


DEFINITIONS OF ARRHYTHMIAS 

Accelerated idioventricular rhythm was 
defined as the occurrence of at least three 
consecutive uniform complexes of ventricular 
origin with a frequency of 60 to 100 beats/ 
minute. Non-sustained ventricular tachy- 
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cardia was defined as at least three consecutive 
ventricular complexes with a frequency of 
more, than 100 beats/minute, for <30 seconds. 
Sustained ventricular tachycardia was defined 
as a ventricular tachycardia lasting 30 seconds 
or more. 


STATISTICAL ANALYSIS 

Continuous distributed values are given as the 
mean (SD). Sensitivity was defined as the 
percentage of patients with an open vessel 
with the rhythm disturbance under exami- 
nation; specificity was defined as the percen- 
tage of patients with an occluded vessel who 
did not have that rhythm disturbance. The 
results are given with 95% confidence 
intervals. 


Results 

Table 1 shows the characteristics of patients 
with various rhythm disturbances. Ventricular 
arrhythmias occurred in 37% (21/57) of the 
patients: accelerated idioventricular rhythm in 
13 patients and non-sustained ventricular 
tachycardia in 15 patients. Both accelerated 
idioventricular rhythm and non-sustained 
ventricular tachycardia occurred in seven 
patients. Sustained ventricular tachycardia and 
ventricular fibrillation were never recorded. 

Patency of the infarct-related vessel was seen 
in 92% (12/13) of patients with accelerated 
idioventricular rhythm and 50% (22/44) of 
those without; and in 73% (11/15) of the 
patients with non-sustained ventricular 
tachycardia and 55% (23/42) of those without 
ventricular tachycardia. The infarct-related 
vessel was patent in 81% (17/21) of the patients 
with accelerated idioventricular rhythm or 
non-sustained ventricular tachycardia or both. 
Forty seven per cent (17/36) of patients without 
ventricular arrhythmia had patent vessels. Six 
of the seven (86%) patients who had both 
accelerated idioventricular rhythm and non- 
sustained ventricular tachycardia had patent 
vessels. 

Both patients who had an episode of ven- 
tricular fibrillation before admission to the 
hospital had patent infarct-related coronary 
arteries as did 70% (7/10) of patients who were 
treated with atropine for bradycardia. In those 
without bradycardia, patency was seen in 57% 
(27/47). 

Table 2 shows the sensitivity, specificity, and 
the predictive value of the occurrence of 
various rhythm disturbances for patency. 


Table 1 Characteristics and incidence of ventricular arrhythmias in 57 patients who were treated wrth intravenous 


streptokinase for acute myocardtal infarction 





M AIVR, ns-VT, AIVR and No All 
AIVR ns-VT or both us~-VT arrhythmas patients 
Number 13 15 21 7 36 57 
Age (yr) 54 6 (10 8) 541 (87) 543 (9-4) 54-4 (9:3) 55 8 (11 7) 556 (97) 
Male (96) 76 88 81 71 83 81 
Anterior wall infarction (96) 54 44 48 57 50 49 
Duration of symptoms (min) 151 (54) 148 (59) 150 (56) 143 (88) 143 (48) 146 (50) 
Interval between SK infusion 
and rhythm disturbance (min) 105 (74) 98 (75) 101 (75) 77 (56) 

Patency (96) 92 73 81 86 50 60 


AIVR, accelerated 1dioventricular rhythm; ns- VT, non-sustained ventricular tachycardia; SK, streptokinase 


Reperfusion arrhythmias 


Table 2 Sensiwity, specificity, and predictiva values of 
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the occurrence of various rhythm disturbances for patency of 


the infarct-related coronary artery of 57 patients, of whom 34 had a patent vessel ( numbers in parentheses are 95% 


Number of Predictroe Predictive 

ith sii Sensitwity Speaficity penne seed 
Arrhythona disturbances (96) Z^ ; vid test te test 
AIVR 13 35 96 92 50 
N ined VT is f ead E090) (66 to 99) Os to 66) 
AIVR or non-sustamed VT or both 21 P ee E is oi make re oe 
AIVR and non-sustained VT 7 RS Ue) ton (58 to 94) p Pen 
Ventricular ibrilfanon r s to 34) o to 99) (54 to 99) $e to 59) 
un à pe o o0 os 

(9 to 37) (67 to 97) (35 to 93) (28 to 58) 


AIVR, accelerated idioventricular rhythm; VT, ventricular tachycardia. 


Discussion 

Necrosis and/or ischaemia of myocardial cells 
may initiate abnormal ventricular depolarisa- 
tions which are currently thought to be trig- 
gered by reentry or triggered activity. ^ Ven- 
tricular rhythm disturbances, however, may 
also be caused by reperfusion and in such cases 
reentry or enhanced automaticity may play a 
role. 


REPERFUSION ARRHYTHMIAS IN ANIMALS 

An interesting aspect of reperfusion arrhyth- 
mias is the existence of an apparent species 
specificity. In some laboratory animals the 
occurrence of arrhythmias can be considered as 
a reliable non-invasive sign of reperfusion.” 
Ventricular tachycardias and fibrillation are 
often seen in dogs,Í pigs, and rats 
immediately after reperfusion, though this is 
less common in cats.?? 


REPERFUSION ARRHYTHMIAS IN HUMANS 

We obtained Holter recordings in a well- 
defined period of the acute infarction: from 
shortly before the start of thrombolytic therapy 
to the primary end point of the study (the 
injection of contrast agent into the infarct- 
related coronary artery). We emphasise that 
our patients were generally not treated with 
antiarrhythmic drugs. It seemed that acceler- 
ated idioventricular rhythm gave the highest 
Scores in predicting the outcome of angio- 
graphy. Accelerated idioventricular rhythm 
predicted patency in 92% of patients; but on 
the other hand, its absence predicted a perma- 
nent occlusion in only 50%. So this arrhythmia 
has a very high specificity (96%) and a poor 
sensitivity (65%) as a non-invasive index of 
patency. It should also be noted that coronary 
angiography is only a "snapshot"; it does not 
exclude intermittent occlusion and recanalisa- 
tion." None the less, it is the best diagnostic 
tool for recording the coronary anatomy that is 
clinically available. 

Sustained ventricular tachycardia or ven- 
tricular fibrillation did not occur during the 
period of investigation. However, before the 
period of investigation two patients with patent 
vessels had ventricular fibrillation, which sug- 
gests that there may be a relation between the 
occurrence of ventricular fibrillation and 


patency, but this sample size is too small to 
draw any conclusions. 

Non-sustained ventricular tachycardia was 
slightly more common than accelerated idio- 
ventricular rhythm (15 patients v 13 patients, 
respectively), but non-sustained ventricular 
tachycardia has both a poorer specificity (83%) 
and sensitivity (32%) than does accelerated 
idioventricular rhythm. 


COMPARISON WITH OTHER STUDIES 

Large controlled trials showed that life 
threatening arrhythmias were less common in 
patients after thrombolytic therapy than in 
control groups.'** Furthermore, Theroux and 
coworkers showed that the number of ventri- 
cular extrasystoles per hour during the first 24 
hours of infarction was significantly less after 
thrombolysis than after conservative treat- 
ment.” 

Arrhythmias during intracoronary strepto- 
kinase administration in humans have been 
described (specifically) in three studies,” 
which, unfortunately, are difficult studies to 
compare for the following reasons. First, the 
definition of “reperfusion arrhythmias” dif- 
fered from study to study. Secondly, in such a 
type of investigation, arrhythmias that were 
less relevant to the course of action in the 
coronary care unit (such as accelerated idio- 
ventricular rhythm) were often ignored. For 
instance, in our study, we found that the 
routine records of rhythm kept by the nursing 
staff were not complete: seven of the 13 episodes 
of accelerated idioventricular rhythm that were 
found on the Holter recordings were not recor- 
ded. This may partly explain why other studies 
did not show that rhythm disturbances in 
routine rhythm strip recordings were predic- 
tive for patency.’ Thirdly, the incidence of 
reperfusion arrhythmias may be different with 
intracoronary and intravenous streptokinase 
administration. Also, routine administration of 
antiarrhythmic drugs may influence the inci- 
dence of arrhythmias; indeed in the studies 
described by Goldberg et al and Miller et al 
patients were routinely treated with ligno- 
caine.?” 


TIME OF REPERFUSION 
Animal studies showed that arrhythmias occur 
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at the time of reperfusion. So rhythm record- 
ings can be used to calculate the interval from 
the onset of symptoms.until reperfusion. This 
is a non-invasive method of calculating the total 
period of tissue anoxia. Such information may 
be of great value when the effects of throm- 
bolytic drugs administered at different rates of 
infusion are compared. It cannot be obtained 
by angiography or other non-invasive methods 
such as enzyme studies.” 


CLINICAL IMPLICATIONS 

In view of the results of the TIMI II study of 
the therapeutic strategy after thrombolytic 
therapy, does information on patency have any 
practical consequence?” There were no clear 
benefits with either invasive or conservative 
management of patients after thrombolytic 
therapy, regardless of whether or not recanal- 
isation was achieved. Nevertheless, the 
presence of accelerated idioventricular rhythm 
is highly predictive of patency and easy to 
record. This may make it a useful method for 
calculating the total anoxia period, so it seems 
sensible to instruct the nursing staff on the 
importance of this arrhythmia. 


We thank Eleana Moyer for reviewing the manuscript and 
Valerie Árneson for statistical advice. 
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Post-prandial worsening of angina: All due to 
changes in cardiac output? 


A J Cowley, L J Fullwood, K Stainer, E Harrison, A F Muller, J R Hampton 


Abstract 
Background—The precise mechanism 
leading to the post-prandial worsening 
of angina has yet to be adequately 
defined. It has been attributed to an 
increase in double product but is per- 
haps more likely to be related to an 
increase in cardiac output after food. 
This study was designed to evaluate the 
effects of food on patients’ exercise 
tolerance and compare these with 
changes in haemodynamic variables. 
Methods—23 patients with chronic 
stable angina who had post-prandial 
worsening of their angina were studied. 
lhe patients were evaluated on two 
occasions and at each visit they under- 
went two symptom limited treadmill 
exercise tests. They remained fasting on 
the first visit and were given a 1400 kcal 
meal 60 minutes before the second exer- 
cise test on the second visit. Time to 
onset of 1mm ST segment depression, 
heart rate, systemic arterial blood pres- 
sure, and cardiac output were measured 
at rest and during exercise. 
Results—There were no differences in 
any of the variables during the two exer- 
cise tests on the day the patients 
remained fasting. After the meal exer- 
cise tolerance fell significantly by 136 
seconds and the stage at which 1 mm ST 
segment depression was first seen was 
also significantly reduced. Resting car- 
diac output increased significantly by 
0°86 1/min with the patients sitting and 
by 0:891/[min standing. The exercise 
times after food were significantly 
related to cardiac output even when fast- 
ing times were taken into account. Rest- 
ing heart rate increased significantly by 
8:3 beats per minute sitting and 10-4 
beats per minute standing. There was 
little change in blood pressure and no 
evidence that the double product predic- 
ted the post-prandial exercise time. 
Conclusions—Worsening of angina 
was related to the increase in cardiac 
output after a meal and successful treat- 
ment will depend upon the prevention of 
this increase. 


The observation that eating can worsen 
angina was first made over two centuries ago.’ 
However, it has been surprisingly difficult to 


demonstrate the mechanism by which this 
occurs. Intuitively it might be expected that a 
meal causes an increase in cardiac output and 
that this accounts for the worsening of symp- 
toms, but it has been almost universally 
impossible to show this with invasive tech- 
niques and in most studies there has been no 
consistent increase in cardiac output post- 
prandially.2* Post-prandial deterioration in 
angina has therefore been attributed to an 
increase in heart rate and blood pressure 
which is taken to indicate an increase in 
myocardial oxygen demand.* Even the consis- 
tency of these changes is in doubt because 
simple non-invasive measurements showed 
that food causes a reduction in blood pressure 
and little 1f any increase in heart rate in elderly 
subjects, who are those most likely to have 
angina.’ The difficulty in defining adequately 
the mechanism of post-prandial worsening of 
angina therefore seems to be attributable to 
the invasive nature of the techniques used. 

We showed that cardiac output can be 
measured non-invasively and reliably by 
analysis of respiratory gases and that a 
modest meal increased the cardiac output of a 
group of normal subjects. If methodological 
problems are the reason for the difficulties in 
showing the cause of post-prandial angina 
then use of a non-invasive technique may 
overcome these. The purpose of this study 
was to evaluate quantitatively the effect of food 
on the exercise tolerance of patients with 
angina and to try to determine the relevance of 
haemodynamic changes to any deterioration in 


angina. 


Patients and methods 
lwenty three patients with chronic stable 
angina participated in the study. All described 
a worsening of their angina after meals. 
Twenty one were men and the patients were 
aged 46—69 years. All were limited by angina 
on treadmill exercise testing. Antianginal 
medication was stopped, in those patients tak- 
ing prophylactic treatment, at least 24 hours 
before each exercise test except for sublingual 
glyceryl trinitrate which was permitted up to 
two hours before treadmill exercise testing. 
All patients were fully familiarised with the 
study protocol on at least two occasions before 
entering the study. T'hey were asked to attend 
the exercise laboratory at 11 am on two days 
one week apart having fasted from midnight. 
On each visit they underwent two symptom 
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Figure 1 Individual and 
mean (SEM) values for 
the symptom limited 
exercise tolerance of the 
patients on the control and 
test days (p « 0-01 on the 
test day). 


limited exercise tests separated by at least 120 
minutes. On the first (control) day the patients 
remained fasting and after the first test on the 
second (test) day they were given a standard 
meal of 1400 kcal to be eaten 60 minutes 
before the second test. 


TREADMILL EXERCISE TESTS 

All patients exercised to a symptom limited 
maximum with a modified low level Bruce 
protocol. The speed and slope of the treadmill 
were increased after three minutes at each of 
the following stages: 

I Ill dil IV V VI 

Speed 

(km/h) 2:7 2:7 27 27 40 54 
Slope (°) 0 13 26 43 54 63 
The exercise stages were prolonged to four 
minutes during stages I and III to enable 
cardiac output to be measured. 

Heart rate was recorded at rest and at the 
end of each stage of exercise. Blood pressure 
was measured by auscultation with a sphyg- 
momanometer at rest and at the end of each 
stage of exercise. Standard 12 lead electrocar- 
diograms were recorded at rest and every 
three minutes during the treadmill test and at 
the end of exercise. 

Time to onset of | mm ST segment depres- 
sion in any lead from the 12 lead electrocar- 
diogram was measured in those patients who 
had changes in all four tests. 


CARDIAC OUTPUT 

We measured cardiac output by an indirect 
Fick principle by monitoring respiratory gases 
with a mass spectrometer (V G Medicals). 
Carbon dioxide was used as the indicator. 
Carbon dioxide production was calculated 
from minute ventilation and mixed expired 
carbon dioxide concentration, the partial pres- 
sure of carbon dioxide in pulmonary venous 
(systemic arterial) blood was derived from end 
tidal carbon dioxide concentration, and the 
partial pressure in mixed venous blood was 
measured after a rebreathing manoeuvre. 
These three variables were used to solve the 
Fick equation. 

Cardiac output was measured with the 
patients sitting, standing, and at fixed sub- 
maximal workloads at the end of stages I and 
III during the treadmill exercise test. The 
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coefficient of variation of the method was 
8-295. 


STATISTICAL ANALYSIS 

The effect of visit (week 1 compared with week 
2) and exercise test (first compared with 
second) on maximal exercise duration and 
each of the haemodynamic measurements was 
assessed by a three factor analysis of variance 
with patient identity included as a blocking 
factor. We used the statistical modelling 
package GLIM.” In each case the magnitude 
of the variable associated with the first order 
interaction term involving the factors visit and 
exercise, gives a measure of the effect of the 
meal. 

The time to onset of 1 mm ST segment 
depression was coded according to the stage at 
which it first occurred. Patients who stopped 
exercising without this degree of ST depres- 
sion developing were coded as stage VII—that 
is, beyond the end of exercise. The within 
visit difference in score (between the second 
and first exercise test) was calculated to give a 
measure of the effect of repeated exercise (visit 
1) and the additional effect of the meal (visit 2). 
The difference between the visit differences can 
therefore be interpreted as a measure of the 
effect of the meal. We examined these with a 
Wilcoxon signed rank test. 

The relation between cardiac output and 
maximal exercise time was investigated by 
multiple regression techniques. Specifically, a 
regression model was fitted that related exer- 
cise time after the meal to the exercise time 
before the meal. Change in cardiac output was 
then added to this regression to see whether 
this additional information improved the 
prediction of exercise time after the meal. 


Results 

All the patients had moderate angina and when 
they were studied they were not taking medica- 
tion. Three patients were unable to complete 
stage I of the protocol on at least one occasion 
and seven could not complete stage II for all 
four tests. 


SYMPTOM LIMITED EXERCISE TOLERANCE 
Figure 1 shows the exercise tolerance of the 
patients on the control and study days. On the 


Test day 





Pre Post 


Post-prandial worsening of angina: All due to changes in cardiac output? 


Figure 2. Individual and 
mean ( SEM) values for 
time to onset of 1 mm ST 
segment depression in those 
patients in whom this 
occurred on the control and 
test days (p « 0 05 on the 
test day). 
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control day 11 patients had greater exercise 
times on the second exercise test compared 


with only three patients on the test day. The 


mean (SEM) times for the control day were 725 
(70) seconds for the first test and 703 (69) 
seconds for the second test. On the test day the 
times were 783 (65) and 626 (59) seconds. 
Therefore on the control day there was a small 
decrease in exercise time for the second test 
which may indicate the effécts of repeated 
testing to a symptom limited maximum. When 


this was taken into account with analysis of - 


variance the effect of the meal was to reduce 
exercise time by 136 seconds (p < 0:01). 


ST SEGMENT CHANGES 

Figure 2 shows the time to onset of 1 mm ST 
segment depression in those patients who 
developed it. On the control day 1mm ST 
segment depression occurred earlier in the 
second exercise test in five patients and at thé 
same stage in 11 patients. On the test day it was 
seen earlier in 15 patients during the second 
test and at the same time in five patients 
(p « 0-05). 


HEART RATE AND BLOOD PRESSURE 

Table 1 shows the mean (SEM) values of heart 
rate with the patients sitting, standing, and at 
the end of exercise. Model based estimates 
indicated that heart rate was eight beats per 
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were sitting (p < 0-05) and 10 beats per minute 
when they were standing (p « 0-01). 

There was no significant effect of the meal on 
systolic or diastolic blood pressure at any time. 
The double product (mean arterial blood pres- 
sure x heart rate) measured with the patients 
sitting was 6329 (381) and 6228 (457) on the 
control day and 6277 (323) and 6844 (530) on 
the test day. These values were not significantly 
different and the changes in double product 
were not related to exercise time after the meal. 


CARDIAC OUTPUT 
All patients were capable of performing the 
respiratory manoeuvres needed for cardiac out- 
put to be calculated. Table 2 shows the values 
of cardiac output with the patients sitting, 
standing, and the last measurement obtained 
during the exercise test. The variable number 
of patients who completed a measurement 
during exercise are also shown. Model based 
calculations show that the meal increased car- 
diac output by 0-86 l/min with the patients 
sitting (p < 0-01) and by 0-89 l/min (p < 0:01) 
with them standing. The effect of the meal, 
however, was not significant at or near peak 
exercise. 

The increase in resting measurements of 
cardiac output in response to the meal was a 
useful predictor of the decrease in exercise after 


- the meal. Adding the change in cardiac output 
minute higher after the mea] when the patients . 


to a regression model relating post-meal exer- 


Table! Mean (SEM) values of heart rate (beats/minute) with the patients sitting, standing, and at the end of 


exercise 
Control day Test day Change Model based 
im control effect of 
Pre Post Pre Post post — pre meal 
Sitti 66-9 (2-6) 651(24) 64 8 (2 3) 71 1-4) —0 94 8 34* 
S 15 T (2-7) 749 cp 72 7 (2 82 4 (3 0) —0 78 10-43 
End point 106 9 (5 5) 107 2(5 111-6 (50 109 9 (5-5) 0-19 - —200 - 


*p < 002, tp < 00t. 


Table2 Mean (SEM) values of cardiac output with the patients sitting, standing, and the last value obtained from 


those in whom measurements were made during exercise 

Control day Test day Change Model based 

m control effect of 

Pre Post Pre Post post — pre meal 
Suting - 4-0 (0 2) 39(02 4002 48(02)-  -002 0-86* 
Standing j 38(2 7) 3 9 (2-6) 3-9 (2 5) 500 0 03 0 89* 
End pomt 8 3 (0 5) 7 9 (0 5) 8-4 (0 5) 8:8 (0 4) — 0 44 1 01 
N er at end point 18 21 16 20 


*p < 001. 
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cise time to pre-meal time significantly 
improved the predictive accuracy (p = 0-039). 


Discussion 

In this study we showed that the exercise 
tolerance of patients with angina can be 
reduced quite substantially by a modest meal. 
We also showed that this reduction in exercise 
tolerance is related to the increase in cardiac 
output in response to the meal. 

The fact that a meal may worsen the symp- 
torns of some patients with angina is clinically 
well recognised! but it has been surprisingly 
difficult to demonstrate with any consistency 
the mechanism. It has been known for many 
years that a meal increases cardiac output!! but 
more recent attempts to confirm the original 
observation have often been unsuccessful.?? In 
part this is likely to be because the invasive 
techniques used in themselves can cause 
changes in haemodynamic function and 
thereby mask the expected post-prandial 
increase in cardiac output. Non-invasive tech- 
niques have proved more reliable in showing 
the changes in cardiac output after food.'? In 
normal volunteers we showed that a modest 
meal may increase resting cardiac output by up 
to 30%.’ The present study showed a similar 
increase in cardiac output at rest which was 
maintained and was additive to the changes 
during submaximal exercise. Furthermore, 
there was a relation between the changes in 
cardiac output and the change in exercise 
tolerance of the patients such that those 
patients who had the greatest increase in 
cardiac output had the greatest reduction in 
exercise tolerance. 

In the absence of demonstrable changes in 
cardiac output the post-prandial worsening of 
angina has previously been ascribed to an 
increased myocardial oxygen consumption 
shown by an increase in the product of heart 
rate and blood pressure.* Although there is 
evidence that patients develop angina within a 
fairly narrow range of double product for each 
individual* the effect of food may be para- 
doxically to lower the double product by a 
reduction in blood pressure. In our study we 
saw the expected increase in heart rate but little 
change in either systolic or diastolic blood 
pressure and little change in the double 
product. The factors that determine myocar- 
dial oxygen consumption are complex and the 
combination of blood pressure and heart rate 
can only be an approximation." '* The pump- 
ing action of the myocardium is of obvious 
importance because this must relate directly to 
energy consumption and therefore oxygen util- 
isation; but until now, reliable non-invasive 
measurements of cardiac output have not been 
possible. It is therefore not surprising that the 
increase in cardiac output we showed in this 
study is more closely related to the reduction in 
patients’ symptom limited exercise tolerance 
than changes in double product. 
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The factors responsible for the increase in 
cardiac output are unclear. Digestion is a 
metabolically active process that is associated 
with an increase in systemic oxygen consump- 
tion. Gut blood flow is increased” and this 
seems to be met by an increase in cardiac 
output. Redirection of blood from other vas- 
cular beds does not contribute to the enhanced 
blood supply to the gut. Part of the physio- 
logical stimulus for the increased cardiac out- 
put is increased activity of the sympathetic 
nervous system and this has implications for 
the treatment of post-prandial angina. Drugs, 
such as f! blockers, may prevent the increase in 
cardiac output with obvious benefit. An alter- 
native way of treating patients would be with 
agents that prevent the increase in gut blood 
flow or alternatively redirect blood from other 
tissues and obviate the need for an increase in 
cardiac output. Patients may find that taking 
smaller meals more frequently is helpful. 

A meal is an important cause of worsening of 
patients’ angina. Its effects are related to the 
magnitude of the increase in cardiac output and 
treatment will depend upon the prevention of 
this increase. 
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Avoidance of tolerance and lack of rebound with 
intermittent dose titrated transdermal glyceryl 


trinitrate 


K M Fox, H J Dargie, J Deanfield, A Maseri, on behalf of the Transdermal Nitrate 


Investigators 


Abstract 

Objectives—To investigate the efficacy 
of transdermal glyceryl trinitrate given 
continuously and with a nocturnal 
nitrate free period. 

Design—Double blind placebo con- 
trolled study with two parallel limbs. 

Setting—Multicentre trial. 

Patients—52 patients randomised to 
receive either continuous treatment (23 
patients) or intermittent treatment with 
an individually titrated dose (29 
patients) for 14 days: both treatments 
were compared with placebo in a cross- 
over fashion. 

Intervention—Continuous treatment 
with 10 mg per 24 hours of transdermal 
glyceryl trinitrate or intermittent trans- 
dermal glyceryl trinitrate titrated to 
give an arbitrary 10 mm Hg drop in sys- 
tolic blood pressure (mean dose 18:2 mg) 
given over approximately 16 hours. 

Main outcome measure—Treadmill 
exercise stress testing and ambulatory 
monitoring of the ST segment after 14 
days' treatment. 

Results—After 14 days’ intermittent 
treatment resting supine and standing 
systolic blood pressure fell by 7:5 mm Hg 
(95% confidence interval 2:7 to 12:2) and 
9:0 mm Hg (95% CI 3:4 to 14:5) respec- 
tively (p « 0:01); resting heart rate was 
unchanged. Mean heart rate at 1 mm ST 
segment depression rose by 11:9 beats/ 
min (CI 1:1 to 23:7) (p < 0:05), mean time 
to onset of angina increased by 59 
seconds (CI 10:8 to 108) (p « 0-05), and 
total exercise duration increased by 40 
seconds (p « 0:05). These changes were 
not seen after continuous treatment. The 
frequency of ischaemic episodes was not 
reduced with either regimen nor was the 
circadian distribution of these episodes 
altered, in particular nocturnal episodes 
did not increase during intermittent 
treatment. 

Conclusion—Tolerance to glyceryl 
trinitrate was avoided by the use of 
individually titrated doses administered 
with a nocturnal nitrate free period. 
There was no evidence of “rebound” on 
ambulatory monitoring during this 
treatment. 


Organic nitrates have been used to treat 
angina pectoris for over a ceritury! but their 
short duration of action and rapid hepatic 
metabolism have limited their prophylactic 
use. Molecular manipulations and formulation 
developments have considerably extended the 
duration of action of these drugs and led to 
their more widespread use. Transdermal 
nitrate patches maintain constant plasma con- 
centrations of glyceryl trinitrate over 24 hours 
but there is controversy about tolerance and 
whether it detracts from the role of nitrates in 
the prophylactic treatment of angina.** The 
antianginal benefits of glyceryl trinitrate in the 
first few hours after the application of a patch 
are well recognised’ but several studies have 
found either a partial® or complete loss of 
efficacy 24 hours after application of a patch.” ° 
A nitrate free interval avoided the develop- 
ment of tolerance during long term treatment 
with isosorbide dinitrate,’ isosorbide mono- 
nitrate, and also with transdermal patches.'? 

‘The mechanisms of nitrate tolerance are not 
understood. It is thought that nitrate action is 
brought about by a cascade of events that affect 
the oxidation of important  sulphydryl 
groups." These are necessary for the produc- 
tion of intermediary derivatives of S-nitro- 
sothiol, which are required to produce cyclic 
guanosine monophosphate, the mediator for 
vascular smooth muscle relaxation. Con- 
tinued administration of nitrates induces 
tolerance by reducing the intracellular con- 
centration of reduced sulphydryl groups to a 
critical concentration. 

We compared the effects of the continuous 
24 hour administration of glyceryl trinitrate 
with that of a titrated dose and a nocturnal 
nitrate free interval. 


Patients and methods 

Ninety seven patients (79 men and 18 women) 
aged 34-72 years (mean 56 6 years) attending 
cardiology outpatient clinics at seven parti- 
cipating centres throughout England, 
Scotland, and Wales were selected for screen- 
ing according to the following criteria. All had 
a history of chronic stable angina pectoris on 
effort caused by ischaemic heart disease for a 
minimum of three months before their selec- 
tion and a positive exercise stress test (with 
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'~ 'electrocardiographic changes). Al! patients" 


were ambulant, able to maintain accurate 
diaries of anginal attacks, and were capable of 
being managed for the duration of the study 
without the use of f blocking agents, calcium 
antagonists, or long acting oral nitrates. 
Patients were specifically excluded from study 
if they had had a documented myocardial 
infarction in the preceding three months; elec- 
trocardiographic abnormalities that might 
have interfered with the interpretation of the 
ST segment; a diastolic blood pressure > 100 
mm Hg; or significant renal, hepatic, haema- 
tological, or other clinically relevant con- 
current conditions. 

All eligible patients entered a one week, 
open run-in period and were maintained on 
sublingual glyceryl trinitrate alone. They per- 
formed a symptom limited treadmill exercise 
stress test according to a modified Bruce 
protocol. To be included in the treatment 
phases of the study patients had to show a 
positive response to sublingual glyceryl trini- 
trate during a second exercise stress test per- 
formed at least one hour and up to three hours 
Jater, 10 minutes after the patient had taken 
one (500 ug) sublingual tablet of glyceryl 
trinitrate. The response was defined as positive 
if the exercise time needed to cause 1 mm ST 
segment depression was 272 minutes longer 
than during the first exercise test. During the 
second test, the workload was not increased 
beyond that required to produce 1 mm of ST 
segment depression in the first test; this 
avoided the false negative results caused by a 
higher workload. 

The 85 patients who responded to sub- 
lingual glyceryl trinitrate were randomised to 
receive either a placebo controlled continuous 
or a placebo controlled intermittent treatment 
regimen lasting one month. After randomisa- 
tion to the treatment regimens patients were 
re-randomised to active treatment followed by 
placebo treatment or vice versa in a balanced 
crossover design (2 x 2 weeks). During con- 
tinuous treatment patients were treated with 
transdermal patches delivering 10 mg glyceryl 
trinitrate over 24 hours (Ciba) or a matching 
placebo. We selected this regimen because 
this was the maximum recommended dose 
approved by the regulatory authorities. The 
regimen of intermittent treatment used a dose 
that was titrated to achieve a 10 mm Hg fall in 
systolic blood pressure. Blood pressure was 
recorded two hours after the application of a 
patch. If a 10 mm Hg fall was not seen, 
another 10 mg/24 h patch was applied and 
observation repeated to a maximum of four 
patches (40 mg/24 h). Patients were main- 
tained at their titrated dose for the duration of 
the study. 


EXERCISE STRESS TEST 

Patients exercised on a treadmill according to 
a modified Bruce protocol in the morning, 
three to five hours after a patch was applied. 
The patient was tested at the same time of day 
at the end of each two week treatment period. 
ST segment depression was measured 80 ms 
after the J point in the precordial lead that had 
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first shown 1 mm ST segment depression dur- 
ing the first test. Significant ST segment 
depression was defined as planar or down- 
sloping ST segment depression of 21mm 
measured 0-08 s after the J point. The follow- 
ing indices were recorded: time to 1 mm ST 
segment depression, heart rate at 1 mm ST 
segment depression, maximum ST segment 
depression, time to onset of angina, and total 
exercise time. All the electrocardiograms were 
examined and reported in a blind manner by 
one analyst. 


HOLTER MONITORING 

Holter monitoring was performed at the end 
of each treatment period. All patients under- 
went 48 hours of ambulatory ST segment 
monitoring with pre-gelled electrodes to 
record two bipolar leads: one an anterior lead 
CM 5 and the other an inferior lead. The sites 
and method of application of these electrodes 
have been described elsewhere.'* Two- 
channel recordings were then obtained on 
magnetic tape by a frequency modulated dual 
channel recorder (Oxford Medilog 2, fre- 
quency response 0:05-40 Hz). The frequency 
response of this system is sufficient to record 
and display the ST' segment accurately. The 
tapes were then visually analysed at 60 times 
normal speed by an Oxford Medilog MA20 
scanner; all printouts were recorded at 25 
mm/s. Significant ST segment depression was 
defined as planar or downsloping ST segment 
shift of 21mm measured 0-08 s after the J 
point that persisted for >30 s. Significant ST 
segment elevdtion was defined as an upward 
shift of the ST segment of >1 mm at the J 
point compared with the resting recording. 
Changes in the T wave vector were not regar- 
ded as evidence of myocardial ischaemia 
unless they were accompanied by significant 
ST segment changes. 


DIARY CARD 

Diary cards were supplied to record angina 
episodes during a two week period. The 
weekly attack rate was calculated by summing 
the daily events occurring over two weeks and 
standardised to obtain a mean weekly figure. 
Glyceryl trinitrate tablet consumption was 
recorded and analysed in a similar fashion. 


STATISTICAL ANALYSIS 
Statistical analysis was based on the mean (or 
median) values calculated at each time point 
of the study: initial visit, end of run-in, end of 
period 1, and end of period 2. The haemo- 
dynamic indices of the two treatment 
sequence groups were compared at baseline 
(end of run-in) by Student's : test. The effects 
of active and placebo treatment during the 
study were compared by the method of 
crossover analysis. Koch's non-parametric 
crossover method was used to compare the 
two treatment effects on the variables in the 
exercise stress test and on the angina diary 
cards. 

Ambulatory monitoring results are ex- 
pressed as a mean and standard deviation per 
24 hours. Discrete data were analysed by the 


Avoidance of tolerance and lack of rebound with intermittent dose titrated transdermal glyceryl trinitrate 


153 


Patients screened The demographic indices of the treatment 
groups were well matched. 

Negative screening exercise H 

stress test 


Positive screening exercise 


stress test 


Negative nitrate response test 9 | 


HAEMODYNAMIC EFFECTS 

After two weeks of continuous 24 h treatment 
with one 10 mg/h patch applied daily no 
clinically or statistically significant differences 
were found compared with placebo treatment 


Positive nitrate response test 85 for the following variables: heart rate and 
Randomised to continuous aa systolic and diastolic blood pressures when 
treatment supine and standing. Similarly no significant 


Randomised to intermittent 


treatment 


Protocol violations / ineligible 


differences were seen in the mean resting heart 
rate or supine and standing diastolic blood 
pressures compared with placebo treatment 
after two weeks’ active treatment with indi- 
vidually titrated doses of transdermal glyceryl 


Treatment withdrawals M1 trinitrate. With intermittent treatment, 
however, the resting systolic standing and 
Completed the study 29 supine blood pressures were significantly 


Continuous Intermittent 


Figure 1 Flow chart to show the selection of patients to the study. 


Wilcoxon signed rank test for paired observa- 
tions during the double blind phase of the 
study. Fourier analysis was used on the hourly 
frequencies and durations of total ischaemia. 
The residual squares, error was used to deter- 
mine the optimum number of fitted harmon- 
ics, which was found to be a two harmonic fit, 
and the correlation coefficient of the fitted 
curve. The day was divided into four six-hour 
periods (01.30-07.30, 07.30—13.30, 13.30- 
19.30, and 19.30—01.30), and a Y? test with 
Yates's correction for continuity was applied 
to determine whether there was a significant 
excess of episodes in the morning (07.30— 
13.30) compared with the mean of the other 
three periods. 

Ethical approval was obtained from each of 
the hospital medical committees. 


Results 

Ninety seven patients were screened. There 
were 85 nitrate responders: 38 were allocated to 
continuous treatment and 47 to intermittent 
treatment (fig 1). Twenty three patients com- 
pleted the continuous treatment study and 29 
patients completed the intermittent treatment 
study. For the intermittent treatment the mean 
individually titrated dose needed to cause a 10 
mm Hg drop in resting systolic blood pressure 
was 18 mg given over 12 h; 11 patients required 
one patch, 14 patients two patches, two patients 
three patches, and two patients four patches. 


reduced (p « 0-01) (table 1). 


EXERCISE TESTING 

No significant differences in favour of trans- 
dermal glyceryl trinitrate were found after 
continuous application compared with placebo 
for any of the measured exercise test end 
points. In contrast, intermittent treatment sig- 
nificantly increased the mean total exercise by 
36 seconds (p « 0-05), the mean time to the 
onset of angina by 46 seconds (p « 0:05), and 
the heart rate at ] mm of ST segment depres- 
sion was increased by 9 beats/min (p < 0-05). 
In addition, time to 1 mm ST segment depres- 
sion increased by 49 seconds and maximum ST 
segment depression was reduced by 0-11 mm; 
though these findings show a positive trend, 
they were not statistically significant (table 2). 


HOLTER MONITORING 

Treatment with continuous and transdermal 
glyceryltrinitrate did not affect the frequency of 
either the silent episodes of ST segment 
depression per 24h or the total number of 
episodes of ST segment depression per 24 h. 
Similarly, neither the duration nor the severity 
of ST segment changes was affected by either 
treatment. 

Figures 2 and 3 show the circadian distribu- 
tion of the episodes of total ischaemia recorded 
during the placebo phase and during the two 
treatments. A similar circadian pattern was 
seen during the two treatment periods and the 
placebo period, with a primary peak in the 
morning hours and a smaller secondary peak in 
the evening; very few episodes were recorded 
during the night before 07.00 during any of the 
treatment periods. 


Table 1 Haemodynamic results ( mean) of continuous and mtermittent dosing wth glyceryl trimtrate 





Interwuttent dosing 


Confidence 
Vartable Active Placebo p Value Actrve Placebo p Value interval 
Heart rate (beats/mm) 745 75-1 NS 760 780 NS 
Supine systolic BP (mm Hg) 142 6 133 8 NS 130 8 137 4 «001 2 7-122 
Supine diastolic BP (mm Hg) 86 3 86 3 NS 83 3 86 2 NS 
Standing systolic BP (mm Hg) 138 8 135 4 NS 126 8 1358 «001 34-14 5 
Standing diastolhc BP (mm Hg) 86-7 868 NS 84-0 85 1 NS 


BP, blood pressure. NS, not statistically significant at p < 0 05 level. 


154 ^ Fox, Dargie, Deanfield, Masert 


Table 2 Results (mean) of exercise testing during continuous dosing and intermittent dosing with glyceryl trimtrate 





Continuous dosing Intermittent dosing 
Variable Active Piacebo p Value Actros Placebo | p Value 
Maximum exercise duration (min) 10-9 115 NS 113 10-7 «0 05 
Time to 1 mm ST depression (min) 83 9-3 NS 87 7-9 NS 
HR at 1 mm ST depression (beats/mm) 1154 119-0 NS 120 5 1119 «0 05 
Maxtmum ST depression (min) 18 1-6 NS 1:3 1-4 NS 
Onset of angina (min) 74 8-8 NS 94 8-6 « 0-05 


NS, not stausucally significant at p < 0 05 level. 


ANGINA ATTACK RATES 

The incidence of angina during treatment with 
placebo was low (6-6 attacks/week). Neither 
active treatment significantly changed this rate. 
The consumption of glyceryl trinitrate tablets 
was similarly unaltered. The incidence of noc- 
turnal episodes was similar in all active and 
placebo treatment phases. 


patients (47%) withdrew because of local 
rashes (three active, one placebo). In two 
patients angina became worse on active inter- 
mittent treatment. One patient collapsed sud- 
denly and died during the day while receiving 
active intermittent treatment. In addition, one 
patient on continuous treatment had so much 
difficulty with shift work patterns that he with- 


drew from the study. 


WITHDRAWALS FROM TREATMENT 

Of the 85 patients who were randomised to 
treatment, 25 patients were withdrawn from 
the study, 11 receiving continuous treatment 
and 14 receiving intermittent treatment. A total 
of 17 (20%) patients were withdrawn because 
of headache (14 active, three placebo), and four 


Discussion 

The results of this study support the con- 
clusion that transdermal glyceryl trinitrate sig- 
nificantly increases the total duration of tread- 
mill exercise, the time to onset of angina, and 
the heart rate at 1 mm ST segment depression 
when these variables were measured 3—5 hours 
after dosing and after two weeks’ treatment 
when individually titrated doses were used 
intermittently. A significantly lower systolic 
blood pressure beneficially affected the rate- 
pressure product. In contrast, the continuous 
treatment regimen of 10 mg/24 h was ineffec- 
tive. It is not possible to conclude whether the 
higher doses used in the intermittent treatment 
group, the dosing interval, or a combination of 
the two helped to avoid the development of 
tolerance. 

Tolerance to the hypotension and headache 
produced by organic nitrates has been known 
for over 80 years and is well accepted, but the 
magnitude and clinical relevance of tolerance to 
the anti-ischaemic and antianginal effects of 
organic nitrates have generated much con- 
troversy. There is evidence of a predictable 
improvement when organic nitrates are given 
three or four times a day during long term 
treatment," ! and an anti-ischaemic effect has 
been claimed in patients who applied transder- 
mal glyceryl trinitrate patches daily during 
chronic treatment." Other studies, however, 
report significant tolerance after long term use 
of oral long acting nitrates'* ? and transdermal 
patches.??' Also, Moreyra and Kostis showed 
that a glyceryl trinitrate patch applied a few 
hours before coronary arteriography resulted 
in significant coronary artery dilatation, but 
when the patch was applied 24 hours before- 
hand this effect was strongly attenuated.” 

This study accords with earlier studies 
which show that transdermal nitrates are effec- 
tive when given intermittently,^ though 
interestingly Waters et al were unable to show a 
similar benefit on exercise testing of using 
intermittent transdermal glyceryl trinitrate; in 
most patients the side effects outweighed any 
demonstrable benefit.” Recently in a large 
multicentre study of 206 patients a nitrate free 
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Figure 2 Twenty four hour circadian distribution of ischaemic episodes during placebo 
(A) and continuous transdermal nitrate treatment ( B). 


" 


Avoidance of tolerance and lack of rebound with intermittent dose titrated transdermal glyceryl trinitrate 155 


Episodes of ischaemia 


10 


Episodes of ischaemia 
co 





8 10 12 14 16 18 20 22 












10 12 


Hours 


Mi 


1 


18 20 22 


8 1 


Figure 3 Twenty four hour circadian distribution of ischaemic episodes during placebo 
(A) and intermittent transdermal mtrate treatment (B). 


period of 12 hours seemed to prevent the 
development of tolerance, and prolongation of 
exercise duration was seen during the day- 
time.^ In this study, however, there were nine 
patients who fulfilled the defined criteria for a 
significant increase in rest angina during the 
nitrate-free periods during active intermittent 
treatment; in addition, the results for exercise 
testing before the reapplication of the patch the 
following morning were less good than with 
placebo. This has raised the question that 
“rebound” may be a real if rare phenomenon in 
patients treated with transdermal glyceryl 
trinitrate as monotherapy. In our study we 
investigated the circadian distribution of total 
and silent ischaemic episodes. We found that 
transdermal glyceryl trinitrate given intermit- 
tently or continuously did not alter the cir- 
cadian distribution of ischaemic episodes and 
in particular that intermittent treatment was 
not associated with an increase in episodes 


during the night time hours. Clearly this does 
not rule out rebound in isolated cases but it 


does suggest that it must be rare if it occurs 
at all. 


We thank Ciba-Geigy Pharmaceuticals for their support for the 
study, and in parucular Dr M A Ford who helped set up and 
coordinate the trial 
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Mitral valve repair: a valuable procedure with 
good long term results even when performed 


infrequently 


G J Cooper, E M Wright, G H Smith 


Abstract 
Objective—To assess the results of 
mitral valve repair in a series with a low 
frequency of repair despite a policy to 
conserve the valve whenever possible. 
Design—Retrospective review of case 
notes with clinical and echocardio- 
graphic examination of survivors. 
Setting—Cardiac surgery unit in a 
university teaching hospital. 
Patients—62 consecutive patients 
undergoing mitral valve repair by one 
surgeon between 1979 and 1989. 


Interventions—Mitral valve repair 
according to the criteria and techniques 
of Carpentier. 


Main outcome measures—Frequency 
of repair, operative mortality, actuarial 
survival, freedom from reoperation and 
thromboembolism, clinical state, and 
echocardiographic state. 

Results—The 62 patients, median age 
58 years (interquartile range 51 to 64 
years), represent 14% (70% confidence 
interval 12% to 15%) of the 454 mitral 
valve operations performed in the study 
period. Operative mortality was 8% 
(70% CI 5% to 13%). Actuarial survival 
was 62% (70% CI 43% to 81%) at nine 
years. At nine years actuarial freedom 
from reoperation was 91% (70% CI 79% 
to 102%) and freedom from thrombo- 
embolism 91% (70% CI 80% to 102%). At 
a median follow up of 33 months 
(interquartile range 21 to 74 months), 38 
of 46 survivors had improved functional 
state. Of 21 patients who underwent 
echocardiography one had severe mitral 
regurgitation and one mitral stenosis. 

Conclusion—Although compared with 
other reports of mitral valve repair the 
prevalence of repair was low in this 
series the results are comparable and 
justify a positive approach to repair in 
all patients undergoing mitral valve 
surgery even if this can only be achieved 
in a small proportion of patients. 


In the hands of surgeons committed to the 
procedure mitral valve repair gives excellent 
results! but many doubt whether a policy to 
repair rather than replace the mitral valve is 
justified when only a few of the patients they 
see are suitable for repair. Despite the limita- 
tions imposed by a population with mitral 


valves which are often diseased beyond con- 
servation, we have pursued a policy of con- 
sidering repair in all patients having mitral 
valve surgery. This study reports the results 
of the first 10 years of this policy. 


Patients and methods 

PATIENTS AND FOLLOW UP 

The study period (1 January 1979 to 26 April 
1989) was the first 10 years of a policy to 
consider repair in all patients having mitral 
valve surgery. For this period all patients 
having mitral valve surgery, performed by one 
surgeon in one hospital, were identified from 
records of operations. For those undergoing 
repair information was collected by review of 
the hospital notes. Patients who were still alive 
were reviewed-in the outpatient clinic and 


further information was obtained from a his- 


tory and.clinical examination. All survivors 
were also invited to undergo echocardiographic 
examination at a separate visit. Details of those 
patients who died outside our hospital were 
acquired from their local hospital or general 
practitioner or both. Death was considered to 
be valve related unless there was clear evidence 
of another cause. 


SURGICAL TECHNIQUE 

All procedures were performed through a 
median sternotomy while the patient was on 
cardiopulmonary’ bypass with moderate hypo- 
thermia, cold St Thomas' cardioplegia, and 
topical cold saline. 

Mitral valve repair was carried out according 
to the criteria and techniques described by 
Carpentier) A  Carpentier-Edwards mitral 
valve annuloplasty ring was used in all repairs. 

The adequacy of the repair was assessed by 
filling the left ventricle with saline injected 
through the valve and also by putting a finger in 
the left atrium while the heart was supporting 
the circulation. This was then confirmed by 
monitoring the left atrial pressure trace while 
the patient was coming off bypass and for the 
first 24 hours after operation. 


ANTICOAGULATION 

All patients were anticoagulated with warfarin 
for three months; this treatment was continued 
indefinitely if the patient had atrial fibrillation. 


STATISTICAL ANALYSIS 
Continuous variables are presented as median 
values with the interquartile range. Propor- 
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Ct = Tablete Preoperatme characteristics of 62 patients--~--- ~- Table 4--Repars performed in 62 patients undergoing 


(median age 58, interquartile range 51—64) undergoing 








mitral valve repair 1979-1989 
Characteristic No (96) 
Male.female ratio 26:36 (42:58) 
Class: 
I 3 (5 
II 17 (Q7) 
III 27 (44) 
IV 15 (24) 
Amal fibrillauon 31 (50) 
Previous cardiac operauon 6 (10) 
History of thromboembolism 1 (2) 
Mitra) stenosis 11 (18) 
Mitral regurgitation 37 (60) 
Stenosis and regurgitation 14 ' (22) 





NYHA, New York Heart Association. 


Table 2 Aetiology of mitral valve disease in 62 patients 
undergoing mitral valve repair 1979-1989 


Aetiology No (%) 
Rheumatic 26 (42) 
Degenerative 26 (42) 
Post endocarditis 6 (5) 
Ischaemic 4 (6) 


tions are given with 70% confidence intervals 
(70% CI) where appropriate. Comparisons 
between the first and second halves of the series 
for operative mortality and the proportion of 
patients undergoing repair were made by 
Fisher's exact test and the Y? test respectively. 
Actuarial survival, freedom from reoperation, 
and freedom from thromboembolism were cal- 
culated by the method of Kaplan and Meier 
and the results were given with 70% confidence 
intervals. 


Results 

PATIENTS 

During the study period a total of 454 mitral 
valve operations were performed; of these 62 
(14%, 70% CI 12% to 15%) were repairs. 
Table 1 shows the details of these patients. We 
were able to trace all patients and follow up is 
therefore complete at a median of 36 months 
(interquartile range 24 to 110 months). 


NATURE OF THE VALVE DISEASE AND OPERATIONS 
PERFORMED 

Table 2 shows the aetiology of the mitral valve 
disease and table 3 the nature of the valve 
lesions, classified by the functional approach of 


- Carpentier? and by anatomical defect. Tables 4, 


5, and 6 show the types of repair, the ring sizes 
used, and the associated cardiac procedures 


undergoing mitral valve repair 1979-1989 


Functional 


lil 


respectively. 
Table 3 Functional and anatomical classification of valve lesions in 62 patients 

Number Number 

( 6 of total) Anatomcal lesion (96 of total) 

13 (21) Dilated annulus 10° (16) 
Perforated leaflet 3 (5 

23 (37) Ruptured chordae 16 (2 
Elongated chordae 7 (ll 

26 (42) Commissural fusion 17 (27) 
‘With fused chordee 9 (15) 





13 

10 

7 

‘Ring and repair leaflet perforation 3 5 

iti 3 

3 

2 

1 


mitral valve repair 1979-1989 
l———— pine eeae een 
Procedure Number — *6 of total 





Ring and open valvotomy 20 32 
Ring and quadrangular resection 


Rung, open valvotomy, and chordal 
fenestration 





FREQUENCY OF REPAIR 

During the course of the study an increasing 
proportion of valves were repaired. In the first 
five years 8% (70% CI 6% to 10%) of valves 
were repaired. In the second five years from 1 
January 1984 to 26 April 1989, 22% (70% CI 
18% to 25%) of valves were repaired (5? 16-8, 
p < 0-001). 


OPERATIVE MORTALITY 

Five patients died within 30 days of operation. 
There were no in-hospital deaths beyond 30 
days, giving an operative mortality of 8% (70% 
CI 5% to 13%). Table 7 shows the causes of 
death. Three of the deaths occurred in the first 
two years of the series. Operative mortality for 
the first half of the series was 14% (70% CI 6% 
to 23%) and for the second 5% (70% CI 2% to 
10%) (Fisher's exact test p = 0:24). Those who 
died had a median age of 60 years. 


LATE MORTALITY 
There were six late deaths. Only two of these 
were valve related. The actuarial survival, 


including operative deaths, is 90% (70% CI 


86% to 95%) at one year, 79% (70% CI 68% to 
89%) at five years, and 62% (70% CI 43% to 
81%) at nine years (fig 1). 


REOPERATION 
Five patients, all with rheumatic mitral valve 
disease, required reoperation. 

One patient suddenly developed mitral 
regurgitation 27 days after an initially satis- 
factory repair. Át emergency reoperation the 
prosthetic ring was found to be partially 
detached from the annulus. Four further 


Table 5 Carpentier-Edwards mitral annuloplasty ring 
sizes used in 62 patients undergoing mitral valve repair 
1979-1989 





Ring nze (mm) Number (?$) 
26 2 (3) 

28 I1 (18) 

30 22 (35) 

32 19 (31) 

34 6 (10) 

36 2 (3) 


Table 6 | Associated procedures performed in 62 patients 
undergoing mitral valve repair 1979-1989 


Associated procedures Number (% of total) 
Aortic valve replacement 10 (16) 

Coronary artery bypass 6 (10) 

Close atrial septal defect 1 Q 

Total 17 (2B) 
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Table 7 Details of operative deaths in 62 patients undergoing mitral valve repair 


anA UNA MAUNAR AU EE A anaana 


NYHA cass — Associated 
pre-op procedures 


Cause of death 


BENIN aR RR 


1979--1 989 
Days 

Age (yr) post-op 
74 24 

63 : 6 

60 12 

55 1 

36 7 


CABG Septicaemua 
HI Myocardial failure 
Haemorrhagıc pancreanns 
Myocardial faure 
III AVR Ventricular fibrillanon 


nee SS E ERE EE MEM MM MMC n END 
AVR, aortic valve replacement; CABG, coronary artery bypass grafung; NYHA, New York 
Heart Associa 


tion 


^y 


100 


0 


patients have needed reoperation because of 
mitral regurgitation. In two, there was prolapse 
of the anterior cusp associated with elongated 


-chordae which had not been recognised at the 


time of repair. Both these patients had a systolic 
murmur noted in the immediate postoperative 
period. All reoperations were needed within 
two years of repair. 

A prosthetic valve was inserted in all patients 
requiring reoperation; there was no associated 
mortality. 

The actuarial freedom from reoperation is 
91% (70% CI 79% to 102%) at nine years (fig 
2). 


THROMBOEMBOLISM 
There were six thromboembolic events in five 
patients. Three were major and three minor; 
none was lethal. 

The three major thromboembolic events 
occurred in two patients. One developed 
sudden loss of consciousness and fixed dilated 
pupils on the second postoperative day. 
Consciousness was regained but the patient 
was left with hemiplegia. The second patient 
developed hemiplegia five months post- 
operatively. He was not taking warfarin. This 
drug was therefore started; but despite 
adequate anticoagulation he suffered a further 
stroke five years later. 
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Figure 1 Actuarial surzival of 62 patients undergoing mitral valve repair 1979-1989. 
Outer curves show 70% confidence interval, open columns show number of patients at 
risk at the beginning of each year, and solid columns show number of patwnts dying 


during that year 
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The minor events were episodes of 
amaurosis fugax, dysphasia, and a monoplegia. . 
All were transient. The patient who developed 
dysphasia had suffered right hemiplegia after 
his cardiac catheterisation. 

The actuarial freedom from thrombo- 
embolism at nine years was 91% (70% CI 80% 
to 102%) (fig 3). 


ENDOCARDITIS 
No patient developed endocarditis post- 
operatively. 


CLINICAL STATE 

After exclusion of those patients who have died 
or required reoperation 46 remain. Figure 4 
shows the preoperative and postoperative func- 
tional state of these patients at a median follow 
up of 33 months (interquartile range 21 to 74 
months). 

Twenty seven patients have atrial fibrillation 
and all are taking warfarin. A soft systolic 
mitral murmur is present in 11 patients but in 
only one patient is this thought to represent 
important mitral regurgitation. This patient 
has a reasonable functional result at present 
though he may require further mitral valve 
surgery. 


ECHOCARDIOGRAPHY 

Twenty one of the 46 survivors had post- 
operative Doppler echocardiography; two of 
these were by the transoesophageal route and 
the remainder by conventional precordial 
examination. These examinations were perfor- 
med at a median of 32 months (interquartile 
range 12 to 54 months) after operation. In eight 
(38%, 70% CI 26% to 49%) echocardiography 
showed no regurgitation, in 12 (57%, 70% CI 
43% to 68%) there was mild mitral regurgita- 
tion, and one (5%, 70% CI 1% to 13%) has 
severe regurgitation. This is the same patient 
who has clinical evidence of mitral regurgita- 
tion. One patient who had an open mitral 
valvotomy, chordal fenestration, and insertion 
of a 32 mm ring, for rheumatic mitral valve 
disease, has evidence of mitral stenosis with a 
calculated valve area of 1-25 cm? on trans- 
oesophageal echocardiography. 


Discussion 

The attitude of the surgeon affects the propor- 
tion of mitral valves that are judged to be 
suitable for repair.?* Despite a wish to repair 
the mitral valve whenever possible, we have 
managed this in only 14% of patients. This 
reflects the nature of the mitral valve disease 
that we see. Most mitral valve disease in this 
region is post-inflammatory; many valves are 
calcified with extensive fibrosis of the cusps and 
shortening of the subvalvar apparatus, which 
makes repair impossible. During the course of 
this study we repaired a greater proportion of 
valves. We attribute this rise to our increasing 
experience and changes in referral practice 
from cardiologists. Detailed comparison of 
these results with those of others with a higher 
frequency of repair is difficult because of the 
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Figure 2 Actuarial freedom from reoperation of 62 patients undergoing mitral valve 
repair 1979-1989, Outer curves show 70% confidence tnterval, open columns show 
number of patients at risk at the beginning of each year, and solid columns show number 
of patients undergoing reoperation durtng that year. 


= 00 
= € 
2 go 
8 70 
E 80 
E so 
E 40 
2 

E 30 
$7 
$ 40 
LL. 





differing patient populations reported but some 
broad comparisons may be made. 

Our operative mortality 1s higher than that of 
recently reported series (table 8). Three of our 
deaths occurred during the first two years in 
which repair was used. Although the decrease 
in operative mortality to 5% in the second half 
of the series was not statistically significant our 
clinical impression is that this represents a 
“learning curve", an experience that has been 
reported by other surgeons.'? 

The variability of long term survival rates 
between reported series mainly reflects differing 
prevalences of risk factors in the patients 
studied.* This report includes ‘‘all comers” and 
thus represents a heterogeneous group of 
patients of which almost a third underwent a 
concomitant cardiac procedure. The long term 
survival, however, is similar to that of other 
series, some of which contain selected patients 
(table 8). 

All reoperations became necessary within 
two years of repair. One was due to a technical 
error that caused separation of the ring. Two of 
the other four patients who required reopera- 
tion had early evidence of residual regurgita- 
tion and thus are examples of inadequate repair 
rather than failure of an initially adequate 
repair. The intraoperative methods used to 
assess the competence of repair were those in 
common use at the time. It is now increasingly 


Time (years) 


Fwure 3 Actuarial freedom from thromboembolism of 62 patients undergoing mitral 


valve repair 1979-1989, Outer curves show 70% con 


interval, open columns show 


number of patients at risk at the beginmng of each year, and solid columns show number 
of patients suffering thromboembolism during that year. 


recognised, however, that these have their 
limitations. The measurement of V waves in 
the left atrial pressure trace does not correlate 
with the presence or degree of mitral regurgita- 
tion assessed by left ventricular angiography!! 
or by intraoperative epicardial echocardio- 
graphy." Filling the left ventricle with saline to 
test the competence of a valve repair has a false 
positive rate of 25% and false negative rate of 
33% compared with epicardial echocardio- 
graphy. That these methods of assessing 
competence at operation are unsatisfactory is 
borne out by the results in this series. T'wo of 
five patients who required reoperation had 
residual mitral regurgitation that was not 
recognised at the time of operation. T'he use of 
echocardiographic techniques may improve 
this assessment. Epicardial and transoeso- 
phageal echocardiography were of similar sen- 
sitivity and specificity? and better than 
traditional methods.!* ^ 

The cause of the mitral valve disease in all 
those requiring reoperation was rheumatic. 
Galloway et al found that repair was more 
durable in patients with degenerative disease 
than with rheumatic disease’ and this accorded 
with Carpentier's experience.!? Operating on 
patients with rheumatic valve disease Antunes 
et al found that 104% of their patients 
required reoperation within 2 6 years? while 
Cosgrove et al found that in a population with 
predominantly degenerative disease only 2:6% 
needed reoperation within 13-5 months.’ 

The low rates of thromboembolism, absence 
of endocarditis, and excellent functional 
results, confirmed by echocardiography, match 
those of the previously cited reports. 

Retrospective comparisons of mitral valve 
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Figure 4 Preoperative and postoperative New York 
Heart Association class of 46 patients undergoing mitral 
valve repair 1979-1989 at a median follow up of 33 
months. zd 
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Table 8 Recent results of mitral valve repair 








Mean age Frequency Nature of Operative Actuarial Freedom from 
Axthor of series ( yr) of repair (9$) valve disease mortahry (9$) survival (%) (yr)*  reoperanon (9$) (yr)* 
Antunes et al” 22 36 Mixed, Rh 1:3 99 (4) 78 (4) 
Cohn et al* 61 30 Reg, Deg 16 84 (4) 85 (4) 
Cosgrove et al’ 60 Reg, Deg 43 90 (2) 96 it 
Deloche et al! 49 Reg, muxed 5-3 73 (15) 87 (15) 
Eguaras et ai* 45 St, Rh 1-4 98 (8) 93 (8) 
Galloway et ai? 51 Maxed, mixed 54 90 (5) 84 ( 
Sand et al‘ 53 21 Reg, mixed 76 (5) 74 (8) 





Nature of valve disease: stenosed (St), regurgitant (Reg), or a combmation of the two (mixed), followed by the aetiology of the valve disease (Rh = rheumanc, Deg 
= degenerative, mixed = various). 


*Nurnber of postoperative years at which actuarial survival and freedom from reoperation were calculated. 


repair with replacement have shown signifi- 
cantly less valve related morbidity with 
repair. In addition, preservation of the 
mitral valve apparatus improved postoperative 
left ventricular function.” *'T'his accumulating 
evidence of benefit and the reported safety of 
mitral valve repair led to the adoption of a 
positive approach to reparative surgery during 
the 10 years of this study. 

With increasing experience we have repaired 
more valves but because we have adhered to the 
principle of applying reproducible techniques 
this has not been at the expense of satisfactory 
clinical results. Echocardiographic methods of 
intraoperative assessment should lead to fur- 
ther improvements. Carpentier estimated that 
far more mitral valves are repairable than we 
have found suitable,! even in the latter half of 
the series. Nevertheless, we believe that the 
results obtained in our patients are comparable 
with those of others and that repair merits 
consideration in all patients undergoing mitral 
valve surgery even if it can be achieved in only a 
small proportion of patients. 
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Cardiac function after surgery for subaortic 
stenosis: non-invasive assessment of left 


ventricular performance 


Kit-Yee Chan, Andrew N Redington, Michael L Rigby, Derek G Gibson 


Abstract 

Objective—To examine left ventricu- 
lar function after surgical resection of 
subaortic stenosis during childhood. 

Design—Left ventricular performance 
was measured non-invasively in all 
patients who responded to an invitation 
for formal assessment. 

Setting—Outpatient tertiary 
referral centre. 

Patients—Twenty three (12 male and 
11 female) patients (age range 3 to 31 
years) of 43 consecutive patients with 
fixed subaortic stenosis undergoing sur- 
gical resection between 1975 and 1989 
reattended for formal assessment 16 
months to 15 years (median 4 years 4 
months) after operation. 

Main outcome measures—Left ven- 
tricular dimension, left ventricular wall 
thickness, left ventricular Doppler inflow 
velocities, and left ventricular diastolic 
pressure (measured from apexcardio- 
grams). Results were compared with 
those in controls individually matched 
for age and sex. 

Results—All patients were symptom 
free. Left ventricular cavity dimensions 
were normal, as was the mean fractional 
shortening. Posterior wall thickness 
tended to be greater in the patients and 
there was a significant increase in septal 
thickness. Normalised peak rate of pos- 
terior wall thinning was significantly 
lower in the patients and the isovolumic 
relaxation time was significantly shorter. 
Doppler inflow velocity measurements 
showed that early diastolic mitral flow 
acceleration time was normal but de- 
celeration time was significantly shorter 
in the patients. The ratio of mitral flow in 
early diastole (E) to E plus mitral flow in 
late diastole (A) was significantly higher 
in the patients and in two patients there 
was complete absence of A wave flow 
despite large A waves on the apex- 
cardiogram. 

Conclusions—Systolic function was 
well preserved in patients after opera- 
tion for subaortic stenosis. A restrictive 
pattern of left ventricular filling was 
common, however, and presumably re- 
flected a response to the chronic pressure 
load and to surgery in the paediatric 
heart. 


study, 


Fixed subvalvar aortic stenosis accounts for 8— 
10% of all left ventricular outflow tract ob- 
structive lesions. Associated mitral and aortic 
valve structural abnormalities are not un- 
common! and the incidence of aortic in- 
competence is also high.** Early surgical 
removal is usually associated with good relief 
of the obstruction®® but asymptomatic re- 
currence is well described.!"? Because of the 
high incidence of residual morphological and 
functional abnormalities we examined ven- 
tricular systolic and diastolic function in 
patients who had had resection for subaortic 
stenosis. 


Patients and methods 

PATIENTS 

We studied patients in whom there was fixed 
subvalvar stenosis caused by either a thin 
fibrous shelf or a thick fibrous ridge demon- 
strated by echocardiography or angiography 
and confirmed at operation. We excluded 
patients with other forms of subvalvar ob- 
struction. 

From 1975 to 1989, 43 consecutive patients 
(aged 8 months to 24 years (median 9 years 8 
months)) underwent surgical resection of fixed 
subaortic stenosis. Eleven foreign patients 
were lost to follow up and were excluded from 
the study. The remaining 32 were recalled for 
a formal evaluation. Of the 24 patients who 
responded, 23 (12 male, 11 female) had data 
suitable for analysis. The ages at the time of 
assessment ranged from 3 to 31 years (median 
14 years 8 months). The follow up period 
ranged from 16 months to 15 years 6 months 
(median 4 years 4 months) from the time of 
the second operation. 

There were two patients with von-Reck- 
linghausen disease—one with hemi-vertebrae 
and severe kyphoscoliosis—and one had 
William’s syndrome. One patient had left 
atrial isomerism with absence of the inferior 
vena cava and a left superior vena cava drain- 
ing into the coronary sinus. Other cardio- 
vascular abnormalities were found in 11 
patients. A ventricular septal defect was 
present in six (small and restrictive peri- 
membranous (four), subaortic (one), large and 
doubly committed subarterial (one). There 
were four patients with coarctation; three had 
had repair to the aorta in infancy before the 
subsequent operation for resection of sub- 
aortic stenosis. Cross sectional echocardio- 
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graphy showed an abnormal aortic valve in 
seven patients; three with bicuspid valves and 
four with three thickened leaflets. Significant 
right ventricular outflow tract obstruction 
caused by muscle bundles in the right ventri- 
cle was found in two patients. Preoperative 
cardiac catheterisation was performed in 21 
patients. The left ventricular-aortic peak to 
peak gradient ranged from 20 to 105 mm Hg 
(56 (29) mm Hg). Aortography showed trivial 
aortic regurgitation in two. 

The subaortic ridge was excised in all 
patients. Six required additional myectomy of 
the adjacent interventricular septum. 

All six patients with ventricular septal 
defects had the lesions closed, five at the same 
operation and one eight years before the 
operation for subaortic stenosis. Right ven- 
tricular muscle bundles were resected in two 
patients: one had a ligation of a ductus 
arteriosus and another had coarctation repair 
during the same operation. At the time of 
operation, thickening of the aortic valve leaf- 
lets was found in four but this was not severe 
enough to warrant valvotomy. Four patients 
required a second operation because of recur- 
rence five to 14 years after the initial resection. 

All patients had a full clinical examination, 
12 lead electrocardiogram, and chest radio- 
graph. Data were also obtained individually 
on age (in months) and sex matched healthy 
controls. Controls were not matched for body 
surface area. 


Methods 
CROSS SECTIONAL DOPPLER ECHOCARDIOGRAPHY 
AND APEXCARDIOGRAMS 
Resting cross sectional, M mode, and pulsed 
wave Doppler echocardiography with simul- 
taneous electrocardiography and phono- 
cardiography was performed with a Hewlett- 
Packard Sonos 1000 ultrasound system. The 
phonocardiogram was recorded over the point 
on the chest at which residual murmurs were 
best heard, usually at the upper left sternal 
edge. M mode echocardiograms of mitral and 
aortic valve motion and of the left ventricular 
cavity just below the level of the free edges of 
the mitral valve leaflets were recorded. Mitral 
Doppler flow velocity was measured in the 
pulsed mode from apical four chamber views 
with the sample volume placed between the 
tips of valve leaflets where the maximum flow 
velocity in early diastole was measured. Con- 
tinuous wave Doppler was used to assess the 
pressure gradients across the left ventricular 
outflow tract by the modified Bernoulli equa- 
tion. Measurements were made at rest and 
wherever possible at submaximal exercise. All 
M mode and Doppler recordings were made 
with a Honeywell (Ecoline 22) strip chart 
recorder at a paper speed of 100 mm/s. 
Apexcardiograms were recorded from the 
point of maximum impulse over the left ven- 
tricular apex by a Cambridge transducer with 
a time constant of four seconds." !! Recordings 
were made with the patient in a left lateral 
decubitus position unless satisfactory record- 
ings could be obtained in the supine position 
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and they were usually recorded at the end of 
normal expiration. 


ANALYSIS 

Digitisation of left ventricular M mode 
echocardiograms 

Only recordings in which septal and left ven- 
tricular posterior wall echoes could be clearly 
identified for at least three entire cardiac cycles 
were digitised. Echocardiograms were digit- 
ised as previously described,’*"* by tracing 
echoes from both sides of the ventricular sep- 
tum and from the endocardial and epicardial 
surfaces of the left ventricular posterior wall. 
From the digitised data of three averaged 
beats we made plots of the septal and pos- 
terior wall echoes and measured the following 
features: (a) left ventricular dimension with 
measurement of the rate of change of dimen- 
sion as a function of time; (6) fractional 
shortening; (c) peak rate of dimension increase 
during early diastole; and (d) peak rate of left 
ventricular posterior wall thinning. 

The rate of change of dimension and wall 
thickness were also normalised by dividing its 
value by the instantaneous dimension so as to 
adjust for physiological variations in ven- 
tricular size, wall thickness, and systolic func- 
tion. The normalisation factors improve the 
clinical usefulness of the indices, ? especially 
in children where age and size vary widely. 


M mode and Doppler echocardiography 

Peak mitral flow velocity in early diastole (E 
wave) and with atrial contraction (À wave) 
were measured and expressed as either E/A or 
the ratio E/E--A.?!* Early diastolic mitral 
flow acceleration and deceleration time were 
also measured." !? The left ventricular 
isovolumic relaxation period was measured as 
the interval from the aortic closure sound (A, 
on phonocardiogram) to the opening of the 
mitral valve as assessed by cusp separation on 
the M mode echocardiogram (18 patients) and 
to the onset of the flow velocity signal on the 
Doppler traces (15 patients). All measure- 
ments were calculated from a mean of three 
cardiac cycles. 


Apexcardtograms 

Total diastolic deflection (‘A’) and total 
vertical deflection (O—-E) were measured; an 
A/O-E ratio >33% suggested a high left 
ventricular filling pressure (fig 1). 


DATA ANALYSIS 

All data were expressed as mean (SD). The 
statistical significance of differences between 
group means was assessed by Student's t test. 
The association between various indices of 
diastolic function was tested by linear correla- 
tion and multiple rank correlation coefficients. 


Results 

At the time of re-evaluation, one patient was in 
New York Heart Association class II-III. The 
remainder were symptom free, described their 
quality of life as good, and took part in full 
normal activities. Physical examination showed 
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Figure 1 Apexcardiogram (ACG) from a patient with moderate restenosis. Ratio of 
total diastolic deflection (‘A’) to total vertical deflection ( O-E ) increased to 47%, 
reflecting left ventricular diastolic disease. ECG, electrocardiogram; PCG, 
phonocardiogram. 





grade 5/6 systolic ejection murmurs at the left 
sternal border in two patients and grade 2-4/6 
murmurs in the remainder. Fourteen patients 
had easily audible early diastolic murmurs. 
Resting electrocardiograms showed left ven- 
tricular hypertrophy in 10 patients with ST-T 
changes typical of strain in four. Three of these 
patients had residual Doppler derived grad- 
ients across the left ventricular outflow tract of 
36, 52, and 85 mm Hg. There was right bundle 
branch block in two patients and left bundle 
branch block in two others. One patient had 
frequent unifocal ventricular extrasystoles at 
rest, which disappeared on exercise. There was 
mild cardiomegaly on the chest radiograph 
(cardiothoracic ratio 60%) in one patient. The 
heart size and pulmonary vascular markings 
were normal in the remaining patients. 


CROSS SECTIONAL AND M MODE 
ECHOCARDIOGRAPHY 

None of the patients with associated ventricu- 
lar septal defects had residual shunts detectable 
with Doppler colour flow imaging. One patient 
with previous coarctation repair had a Doppler 
derived instantaneous gradient of 25 mm Hg 
across the repair site. Abnormal insertion of the 
papillary muscles of the mitral valve was noted 
in three patients but the peak mitral valve flow 
velocity was within normal limits in all. None 
had mitral regurgitation. 

There were nine patients with evidence of 
mild subaortic narrowing with turbulence 
detectable by colour flow imaging but no defi- 
nite shelf and an insignificant Doppler gradient 
(20 mm Hg) across the left ventricular outflow 
tract at rest and with exercise. Four patients 


had moderate to severe obstruction with re- 
currence of a shelf lesion in three. Continuous 
wave Doppler gradients across the left ven- 
tricular outflow measured from the suprasternal 
notch were 52, 64, and 64 mm Hg respectively, 
increasing to 108, 81, and 96 mm Hg with 
exercise in these patients. One other patient 
had dynamic subaortic obstruction and left 
ventricular concentric hypertrophy with a 
Doppler gradient of 85 mm Hg. The mean 
systolic gradient in all patients was 21 (17 
mm Hg. Mild aortic regurgitation was des- 
cribed by Doppler echocardiography in 13 with 
moderate regurgitation in one other patient 


LEFT VENTRICULAR CAVITY, SEPTAL, AND 
POSTERIOR WALL DYNAMICS 

Mean cavity dimensions at end systole and end 
diastole were 27:9 (0-7) mm and 43:0 (9-0) mm 
respectively. Neither differed significantly from 
those in the healthy controls (28:1 (0-4) and 
42:0 (5:5) mm respectively). The mean frac- 
tional shortening was 35:3 (7°6)°% in the 
subaortic stenosis group and 34:3 (4-9 * in the 
healthy controls (p = NS). 

Septal thickness at end diastole was, how- 
ever, significantly greater than in the healthy 
controls (11:8 (2-9) v 10-0 (2:3) mm, p < 0-05 
The percentage systolic septal thickening was, 
however, not different (29:4 (10-4) v 27-5 
(9-2)%, p = NS). The septal thickness cor- 
related with the left ventricular dimension at 
end systole (r = 0-41, p < 0-05) and posterior 
wall thickness (r = 0-42, p = 0-03). In the four 
patients with significant residual left ventricular 
outflow obstruction, the septal thickness ran ged 
from 10 to 18 mm (mean 14:8 mm 

The posterior wall thickness tended to be 
greater in the group with subaortic stenosis 
(13-9 (4-0) mm) v 11:9 (3-0) mm, p 0-07 
The thickness ranged from 15 to 22 mm (mean 
17-8 mm) in the four patients with residual 
obstruction. 

The normalised peak rate of posterior wall 
thinning was less in the study group (40 
(1:6) s) than in the healthy controls (5-3 (1-1) s, 
p = 0:005). The normalised peak rate of 
increase of left ventricular dimension during 
diastole (patients 3-2 (1-1) v controls 3-1 
0-8 s) was not different. There were inverse 
correlations between the posterior wall thin- 
ning rate and posterior wall thickness (p 
0-03) and left ventricular dimension (p = 0-03). 


APEXCARDIOGRAMS 

Apexcardiograms of adequate quality were 
recorded in 17 patients. Eight patients had a 
normal A/O-E ratio ( < 33%). In the remaining 
nine the ratio ranged from 35% to 66% (mean 
47% ) (fig 1). The ‘a’ wave deflection was small in 
eight patients. These abnormalities were reflec- 
ted in the mitral inflow Doppler recordings 
where both E/A and E/E +A were greater in 
the patients (2:14 (0-63) v 1-79 (0-24) and 0-73 
(0-13) v 0-64 (0-03), respectively, both p 
0-05). Two patients with recurrence of sub- 
valvar stenosis had absence of 'A' waves on 
Doppler flow studies. ‘a’ Waves were, however, 
present on the apexcardiograms and M mode 
echocardiograms of these patients (fig 2), sug- 
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Figure 2. (Top) M mode echocardiogram taken through the level of mitral valve (mv) 
leaflet tips. The mitral valve opens during atrial systole. Bottom) Transmitral flow 
velocity recording from the same patient showing no significant forward flow during atrial 
systole. ECG, electrocardiogram; PCG, phonocardiogram 


gesting the presence of mechanical atrial 
activity in late diastole but the inability of the 
left ventricle to be effectively filled during this 
phase of the cardiac cycle. 


Figure 3 Transmitral B mao ee el ee A 


flow velocity recorded in a 
patient uith moderate 
restenosis. The left 
ventricular isovolumic 
relaxation time ts zero. 
mvo, mitral valve opening, 
ECG, electrocardiogram; 
PCG, phonocardiogram. 
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DIASTOLIC TIME INTERVALS 

There was no difference in R/R interval bet- 
ween patients and controls (p — 0:48). Three 
patients had zero left ventricular isovolumic 
relaxation time from mitral valve Doppler flow 
velocity and four from mitral valve M mode 
recordings, two of whom had residual left 
ventricular outflow obstruction (fig 3). The 
remaining patients had an isovolumic relaxa- 
tion time of 46:7 (15:0) ms from Doppler 
velocities and 28:2 (12:5) ms from M mode 
echocardiography. These were significantly 
shorter than those obtained in the healthy 
controls (59:3 (8:77) ms (p = 0:01) and 45:91 
(T-81)ms (p = 0-0001) respectively). The 
interval between A, to early diastolic. peak 
Doppler velocity (111:2 (26:9) v 139-6 
(16:1) ms, p = 0-005) was also shorter, and the 
E wave deceleration time (118:6 (14:5) v 145-4 
(25:2) ms, p — 0:005) was significantly reduced 
with no difference in the acceleration time (75:6 
(11:8) v 83:1 (13:3) ms, p = NS). There were 
no relations between any indices measured and 
either age at surgery or time since surgery. 
Linear regression analysis (least squares) did 
not show any significant correlation between 
the degree of left ventricular hypertrophy and 
any of the indices of diastolic function. 


Discussion 

Fixed subaortic stenosis caused by a thin 
discrete fibrous shelf or a thick fibrous ring is 
present in a considerable proportion of patients 
with left ventricular outflow tract obstruction. 
Our study group is similar to others" '*?' in 
terms of preoperative severity and the 50% 
incidence of associated anomalies including 
ventricular septal defects, coarctation of the 
aorta, and mitral valve abnormalities. Fixed 
subaortic stenosis is usually progressive and 
most patients will require surgery. In the 
absence of associated severe mitral stenosis, the 
operative mortality or morbidity is low' and 
prolonged survival can be expected, most 
patients having good relief of the obstruction in 
the short term. * ^ However, the operation may 
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not be curative because of problems with 
residual or recurrent obstruction and aortic 
regurgitation in some patients.^**? Indeed, in 
our study more than half of the patients had 
residual left ventricular outflow obstruction of 
varying degrees and 14 patients had mild aortic 
regurgitation. 

Left ventricular function was often abnor- 
mal. The septum was significantly thickened 
and the posterior wall showed the same ten- 
dency; mean percentage systolic thickening of 
the septum and posterior wall, however, were 
normal. The size of the left ventricular cavity at 
end diastole and end systole and thus fractional 
Shortening were also normal, showing tha 
systolic function was well preserved. | 

In contrast with this, diastolic left ventricu- 
lar function was appreciably abnormal. The 
normalised peak rate of posterior wall thinning 
was significantly reduced as was the isovolumic 
relaxation time (it was 0 ms in four patients). 
The increase in mitral valve flow velocity in 
early diastole shown by Doppler inflow 
measurements was larger than that caused by 
` atrial contraction in late diastole (higher E/ 
E+A ratio). In some patients, there was com- 
plete absence of ‘A’ wave flow despite there 
being obvious ‘a’ waves on the apexcardiogram 
and M mode echocardiogram. The apexcar- 
diograms provided further evidence of 
impaired diastolic function, with half of them 
suggesting raised end diastolic pressures. The 
E wave deceleration time was also significantly 
reduced. This type of abnormality occurs when 
there is a large increase in pressure per unit 
volume during the early diastolic filling 
phase,” ^* indicating a restrictive left ventricu- 
lar filling pattern. 

The characteristic pattern of diastolic dys- 
function we saw in our patients. differs sig- 
nificantly from that described in adults and 
children with hypertrophy caused by valvar 
aortic stenosis,” ” hypertrophic cardio- 
myopathy, and pressure overload hyper- 
trophy.” ? In all previous studies of patients 
with these diseases, systolic function was 
preserved, but isovolumic relaxation time was 
prolonged and wall motion incoordinate as 
shown by a reduced rate of dimension increase 
and decreased thinning rate, a lower 'E' 
velocity with a higher ‘A’ velocity and a longer 
deceleration time. Our results showed a quite 
different pattern of diastolic dynamics, which 
simulated a restrictive myocardial process. The 
isovolumic relaxation time was shorter with an 
increased ‘E’ and a small or absent ‘A’ and a 
reduced deceleration time though the thinning 
rate was reduced. The presence of an ‘a’ wave 
on the apexcardiogram and the absence of 
effective filling on Doppler flow during atrial 
contraction strongly suggest that end diastolic 
compliance is very low. The mechanisms 
underlying these differences are not certain. 

The impact of residual problems in post- 
surgical subaortic stenosis may not be 
appreciated from a clinical examination, 
electrocardiogram, or resting left ventricular- 
aortic gradient. Most of our patients were 
symptom free. Our study, however, showed 
significant alterations in the diastolic function 
of the left ventricle consistent with a stiff 
myocardium with reduced compliance and re- 
stricted filling. Patients therefore need careful 
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supervision, regular follow up, and post- 
operative haemodynamic evaluation by various 
means to identify those with late unsatisfactory 
results and to provide remedial measures as far 
as possible. 


We thank Dr E A Shinebourne, Dr J S Carvalho, and our 
surgical colleagues for their assistance 
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Multivariate analysis to simplify the differential 
diagnosis of broad complex tachycardia 


Michael J Griffith, Mark A de Belder, Nicholas J Linker, David E Ward, A John Camm 


Abstract 
Univariate analysis has identified several 
criteria that aid the differential diagnosis 
of broad complex tachycardia. In this 
study of 102 consecutive patients multi- 
variate analysis was performed to 
identify which of 15 clinical and 11 
electrocardiographic variables were 
independent predictors of ventricular 
tachycardia. These were shown to be a 
history of myocardial infarction, the 
QRS waveforms in leads aVF and V1, 
and a change in axis from sinus rhythm 
to tachycardia of more than 40°. If none 
of the criteria was met, the diagnosis was 
almost certainly supraventricular 
tachycardia. If one criterion was met the 
diagnosis was probably supraventricular 
tachycardia. If two criteria were met 
then the diagnosis was probably 
ventricular tachycardia. If three or 
four criteria were met, the diagnosis was 
almost certainly ventricular tachy- 
cardia. The predictive accuracy was 
93%. This was increased to 95% by 
including two other criteria—definite 
independent P wave activity and 
ventricular extrasystoles with the same 
QRS configuration as that in tachycardia. 
These criteria were not included in the 
multivariate analysis because though 
they were 100% specific they were seldom 
seen. 

These four criteria can be used as 
simple rules in determining the origin of 
a broad complex tachycardia. 


All previous studies on the electrocardio- 
graphic or clinical diagnosis of broad complex 
tachycardias have used univariate analysis to 
assess the value of individual diagnostic 
criteria.? The aim of this study was to 
investigate the interaction between variables 
and, by use of multivariate analysis, to 
identify the independent predictors of the 
diagnosis of ventricular tachycardia. 


Patients and methods 

PATIENTS 

Data were collected prospectively from 102 
consecutive patients referred to St George’s 
Hospital for investigation of their tachycardia 
between November 1986 and November 1988. 
Each patient had a 12 lead electrocardiogram 
showing broad complex uniform tachycardia 
(QRS width greater than 110 ms) and the 


+ 


definitive diagnosis was established at electro- 
physiological study with two to four trans- 
venous intracardiac electrodes. The diagnosis 
was supraventricular tachycardia if a His 
potential preceded each ventricular electro- 
gram, with a normai HV interval, or if 
anterograde conduction down an atrio- 
ventricular or nodoventricular accessory 
pathway was shown. If no His potential 
preceded each ventricular electrogram or the 
HV interval was shorter than that seen 
during sinus rhythm then the diagnosis was 
ventricular tachycardia. If a patient had 
tachycardia with more than one configuration, 
the tachycardia recorded at first presentation 
was analysed. Patients who had sustained a 
myocardial infarct in the previous seven days 
were excluded. The clinical data that were 
available on presentation were collected. These 
included features obtained from the history 
and a chest x ray. Secondary information that 
was available from the patients’? records was 
also analysed. Electrocardiograms in both 
tachycardia and sinus rhythm were collected 
and analysed. 


CLINICAL DATA 
Features of the history that were assessed 
included: 

(a) Age at presentation to St George’s 
Hospital. 

(6) A history of congestive heart failure— 
defined as an episode of exertional breathless- 
ness, orthopnoea, or paroxysmal nocturnal 
dyspnoea (in the absence of chronic lung 
disease), not associated with palpitation. 

(c) A history of angina pectoris—defined on 
the basis of classic symptoms when the patient 
was not in tachycardia. 

(d) A history of coronary artery bypass 
grafting. 

(e) A previous myocardial infarct—defined 
as any specific episode when the patient had 
been admitted to hospital with chest pain and 
believed that he had sustained a heart attack. 

(f) Palpitation—defined as any history of 
irregular or fast heart beats. 

(g) Syncope—defined as any episode of loss 
of consciousness whether or not this was 
related to tachycardia. 

(h) Smoking—including current smokers 
and those who had given up in the year before 
presentation. 

(2) A family history of ischaemic heart 
disease—defined as any first degree relative with 
angina, a previous heart attack, or who had 
undergone coronary artery bypass surgery. 

(7) Chest pain during tachycardia. 
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(k) Collapse during tachycardia—defined as 
either loss of consciousness or a systolic blood 
pressure of <60 mm Hg. 

In addition we noted the following results of 
investigation: 

(a) The cardiothoracic ratio—calculated 
conventionally from the presentation postero- 
anterior chest radiograph taken during sinus 
rhythm (an abnormal ratio was defined as 
20:55). 

(b A left ventricular  aneurysm—if 
documented on echocardiography or cardiac 
catheterisation. 


ELECTROCARDIOGRAPHIC DATA 

The electrocardiograms were recorded at a 
paper speed of 25 mm/s because this is the 
conventional speed of recording used in clinical 
practice. The following variables were 
measured: 

(a) Width of the QRS—defined as the widest 
measurable QRS complex. 

(b RR interval during tachycardia, 
averaged over four beats. 

(c) Regularity of tachycardia—defined as the 
maximum difference in RR interval over five 
consecutive beats (excluding fusion or capture 
beats), measured in a lead with a sharp R wave 
peak. 

(d) Fusion 
conventionally. 

(e) Independent P waves—these had to be 
approximately regular with a different rate from 
that of the QRS complexes. 

(f) *Bundle branch block" pattern during 
tachycardia—defined on the basis of the 
dominant deflection in lead V1; if the QRS 
complex was predominantly positive, “‘right 
bundle branch block" pattern was assigned, 
and if it was predominantly negative it was ''left 
bundle branch block” pattern. 

(g) Ventricular extrasystoles—defined as 
wide complex beats in sinus rhythm without a 
preceding P wave (these extrasystoles could 
have been aberrantly conducted atrioventri- 
cular junctional complexes). The configuration 
of these beats was compared with that of the 
QRS complex during tachycardia in those leads 
in which they were recorded. 

(h) QRS axis—measured in the frontal plane 
using the dominant vector in each of the six 
limb leads. A “normal” axis was defined as from 
— 30? to +90°, right axis as 4- 90? to 180°, and 
left axis as —30° to — 180°. 

(D Change in QRS axis—defined as a 
difference in axis of greater than 40° between 
sinus rhythm and tachycardia. f 

(J) Fusion beats—defined as complexes in 
tachycardia that have a QRS waveform inter- 
mediate between the configuration seen during 
tachycardia and that expected from conduction 
down the atrioventricular node. 

In the “left bundle branch block" tachy- 
cardias, leads V1, V2, and V6 were analysed on 
the basis of the criteria described by Wellens 
and colleagues and tested by Kindwall and 
coworkers.!? 

The configurations recorded from the leads I, 
aVF, V1, and V6 were based on the number, 
order, and relative magnitude of the Q, R, and 


Or capture  beats—defined 
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S waves and assigned to one of 12 basic 
waveforms (fig 1). 


ANALYSIS 

Hach variable was initially examined by 
univariate analysis for its predictive ability in 
the diagnosis of ventricular tachycardia. The y? 
test was used to test differences between 
proportions and Student's unpaired t test was 
used to test for differences between continuous 
variables. Significance was defined at the 
p « 0:05 level. 

The configuration of the QRS complexes (1- 
12) in the four selected leads was analysed with 
respect to the final diagnosis. For each lead the 
number of patients with each pattern who had 
ventricular or supraventricular tachycardia was 
counted and an estimated ventricular to 
supraventricular tachycardia ratio (the VT/ 
SVT ratio) was calculated. Overall in this 
study, 69 patients had a definitive diagnosis of 
ventricular tachycardia and 33 patients had 
supraventricular tachycardia, providing a true 
VT/SVT ratio of 2/1. If the estimated VT/ 
SVT ratio of a pattern in a lead was 2/1 or 
greater this waveform was defined as diagnostic 
of ventricular tachycardia in that lead; if the 
ratio was less than 2/1 the waveform was defined 
as diagnostic of supraventricular tachycardia. 
This classification was necessary so that the 
individual lead configurations could be entered 
into the multivariate analysis. 

It may be argued that these electrocardio- 
graphic criteria were derived from the data. 
Therefore a second analysis was also performed 
using an a priori classification of electro- 
cardiographic configuration derived from 


Number Waveform Description 
1 R pu = Single R wave 
2 Rs — Ae R>s 
3 r$ m a S>r 
4 RS — V~ R>r 
B rSR Um Ri>r 
6 RSR Ni R'sR 
7 QS QS 
TuS ES 
8 aR — J — R>q 
9 Q m Q>r 
10 ORs se an O>s 
11 qRS tese S»q 
12 4X M — Four waves or more 


Figure 1 The 12 basic waveforms used to classify the 
electrocardiograms 
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published.reports. ‘These are only available for-- 


leads V1 and V6.!?* For V] the diagnostic 
waveforms were identical to those derived from 
our data in patients with “right bundle branch 
block" tachycardia!* (see figure 5) and these 
were combined with the criteria for ventricular 
tachycardia of Kindwall and colleagues’ in 
patients with “left bundle branch block" 
pattern tachycardia. In lead V6 a Q wave or 
dominant S wave were classified as ventricular 
tachycardia (configurations 3 and 7-12) and 
those with a dominant R wave as supra- 
ventricular tachycardia (configurations 1, 2, 4, 
5, and 6).'?* This classification had minor 
differences from the derived criteria for V6. 
All variables that were significant by 
univariate analysis were then entered into 
multivariate analysis. However, all patients in 
this study who had a history of congestive heart 
failure, angina pectoris, or coronary artery 
surgery also had either a history of myocardial 
infarction or an abnormal cardiothoracic ratio. 
The latter two variables were the most power- 
ful predictors of the diagnosis of ventricular 
tachycardia; the addition of the three other 
variables did not increase either sensitivity or 
specificity. Previous myocardial infarction anc 
an abnormal cardiothoracic ratio were 
therefore included in the multivariate analysis 
in preference to the other three variables. 
Independent P wave activity and ventricular 
extrasystoles with the same configuration as 
tachycardia were not included in the multi- 
variate analysis because both were 100% 
specific for ventricular tachycardia and were 
thus diagnostic. With an iterative approach it is 
difficult to compare these latter two variables 
with other variables with less than 10095 
specificity. They were added to the final 
analysis, however, to evaluate whether they 
would improve the diagnostic capability. The 
multivariate analysis was performed with the 
logit model (using the LIMDEP package, 
version IV.2, on a personal computer’). This 
uses stepwise logistic regression to generate 
probabilistic functions for a binary result. 'T'his 
system, because it uses logistic rather than 
linear regression, allows the analysis of both 
continuous and non-continuous variables.!? !! 
In the LOGIT model the probability (P) of an 
event occurring is expressed as the non-linezr 
function, 1/[1 + exp( — B. X)], of observable 
characteristics (X) and coefficients (B). The 
model requires a constant term, termed *'con- 
stant" in the tables, which is analogous to the 
intercept term in least squares regression. 


Results , 

Table 1 shows the results of univariate analysis. 
Many of the variables were significantly 
different between ventricular tachycardia and 
supraventricular tachycardia. Patients "with 
ventricular tachycardia were older and were 
more likely to have a history of congestive heart 
failure, angina pectoris, coronary artery sur- 
gery, myocardial infarction, smoking, and 
haemodynamic collapse during the attack. 
They were also more likely to have an abnormal 
cardiothoracic ratio and a left ventricular 
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. aneurysm. The following features were.elec- . 


trocardiographic markers of ventricular 
tachycardia: the width of the QRS complex 
during tachycardia, the presence of indepen- 
dent P waves during tachycardia, ventricular 
extrasystoles with the same configuration as the 
QRS in tachycardia, left axis deviation during 
tachycardia, and an axis shift of greater than 40° 
from sinus rhythm to tachycardia. Fusion beats 
were seen in supraventricular tachycardia in 
three patients (fig 2). 

Table 2 shows the incidence of the various 
defined waveforms in leads I, aVF, V1, and V6; 
and table 3 shows the estimated VT/SVT ratio 
for each configuration in each lead and the 
designated diagnosis. Certain waveforms were 
more predictive for each diagnosis than others. 

Lead I—In “left bundle branch block" 
pattern tachycardia a QS or qR wave (pattern 7 
or 8) was seen only in ventricular tachycardia. 
This lead was not helpful, however, in making 
the diagnosis in “right bundle branch block" 
pattern tachycardia. 

Lead aVF—In tachycardia with a “left 
bundle branch block" pattern a QS or qR wave 
(pattern 7 or 8) was highly suggestive of 
ventricular tachycardia, while an Rs wave 
(pattern 2) was specific for supraventricular 
tachycardia. In *right bundle branch block" 
pattern tachycardia a predominantly negative 


Table 1 Results of umvariate analysis 
Variable VT SVT p Value 


Age(yr)(mean(SD) 54.2(16 31.9(15) 0001 
Sex F/M 14/55 7/26 0 


History of 
Cardiac failure 16/69* 0/33 0 001 


22/69* 1/33 0 001 
Co surgery 9/69* 0/33 0-01 
Myocardial infarct 44/69 1/33 0 001 
Palpitation 49/69 28/33 0 13 
Syncope 29/69 12/33 0 59 
Smokin 32/69 8/33 005 
Family ry 15/69 6/32 095 
Aneurysm 14/697 0/33 0 001 
During tachycardia: 
Chest pain 18/69 10/33 0 45 
ance 25/69 4/33 005 
> 055 33/69 1/33 0001 
ECG vartables: 
Mean (SD) QRS 
complex width (ms) in 
Tachycardia 156 (38) 131 oe 0001 
Sinus rhythm 101 (22) 101 (22) 0-93 
Tachycardia 
Mean (SD) 
RR interval (ms) 356 (105) | 327(77) 0-09 
Regularity (ms) 11 210) 22 (59) 0-76 
Fusion/capture 13/69 3/33 041 
Independent P 23/69 0/33 0 001 
waves 
LBBB pattern 36/69 176[33 0 94 
RBBB pattern 33/69 16/33 0 94 
VES with same 12/69 0/33 0-001 
configuration 
Axis during 
tachycardia. 
Normal axis 5/69 14/33 
Right axis > +90 21/69 9/33 
Left axis < — 30° 43/69 10/33 001 
Axis shift from sinus 
rhythm to tachycardia 
— 40° to +40° 12/69 21/69 
> 40° 21/69 5/33 0 001 
« —40* 36/69 7/33 


*All these patients had a history of myocardial infarction or an 
abnormal cardiothoracic ratio (these variables were not included 


-. in the multivariate analysis). 


TNot included in the multivariate analysis as not necessarily 
available at presentation 

CTR, cardiothoracic ratio on x ray; VES, ventricular extra- 
systole; LBBB, left bundle branch block, RBBB, mght bundle 
branch block. 
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Figure 2 
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deflection was suggestive of ventricular 
tachycardia, especially when a Q wave was 
present (patterns 7, 9, and 10). Figures 3 and 4 
show the predictive waveforms. 

Lead VI—In “left bundle branch block” 
pattern tachycardia the waveform alone was 
not helpful in making a diagnosis. In “right 
bundle branch block" pattern tachycardia, a 
monophasic or biphasic waveform suggested 
ventricular tachycardia (patterns 1, 2, or 8); a 
triphasic RsR’ or rSR’ configuration suggested 
supraventricular tachycardia (pattern 5 or 6), 
unless the amplitude of the R wave was greater 
than that of the R' wave (pattern 4). Figure 5 
shows the predictive waveforms. 

Lead V6——Overall this lead was not helpful 
in making the diagnosis in “left bundle branch 
block” pattern tachycardia, although a Q wave 
was specific for ventricular tachycardia 
(patterns 7-11). In “right bundle branch 
block” pattern tachycardia a Q wave (pattern 7 
or 8) or an RS wave with S > R (pattern 3) was 
suggestive of ventricular tachycardia. Table 4 
shows the predictive accuracy of each lead 
when the above criteria were used. Lead aVF 
had the highest predictive accuracy (73%); the 
other three leads each had a predictive accuracy 
of around 60%. 


patient 
“left bundle branch block” (LBBB) and “right bundle branch block” (RBBB) patterns 


DOW WAU ds OT 


pæ p— 
woe 


I aVF 
LBBB RBBB LBBB RBBB 
SVT VT SVT VT SVT VT SVT VT 
12 6 ] 2 6 12 4 5 
1 ] 5 8 4. 0 2 1 
1 4 7 18 3 3 3 5 
0 0 0 0 0 0 1 1 
0 0 0 0 0 ] 1 0 
2 3 0 0 0 1 1 0 
0 5 2 3 4 15 J 16 
0 5 0 0 0 3 2 1 
1 0 0 0 0 0 1 2 
0 1 0 0 0 0 0 2 
0 0 -0 2 0 0 0 0 
0 0 } 1 0 0 1 1 
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A PRIORI ELECTROCARDIOGRAPHIC CRITERIA 
Table 4 shows the predictive accuracy of the 
QRS configuration classification based on 
published reports on leads V1 and V6. The 
predictive accuracy of V6 was very similar to 
that with the derived criteria at 66%. The high 
level of predictive accuracy for V1 (78%) was 
because this combined the criteria based on 
configuration and the criteria based on the 
initial R and S wave duration. 


MULTIVARIATE ANALYSIS 

Table 5 shows the results of multivariate 
analysis of the clinical data. Beta is the co- 
efficient that is entered into the logistic 
regression equation. A history of myocardial 
infarction and an abnormal cardiothoracic ratio 
were the only independent predictors of the 
diagnosis of ventricular tachycardia. 

Table 5 also shows the results of the multi- 
variate analysis of the electrocardiographic 
data. The Kindwall criteria for “left bundle 
branch block”? tachycardia; the specific 
waveforms in leads aVF, V1, and V6; and 
change in axis between sinus rhythm and 
tachycardia were independent predictors of 
ventricular tachycardia. 

Table 5 also gives the results of multivariate 


s with either supraventricular tachycardia (SVT) or ventricular tachycardia (VT) analysed separately for 


V1 V6 

LBBB RBBB LBBB RBBB 
SVT VT SVT VT SVT VT SVT VT 
0 0 2 12 10 15 4 1 
0 0 2 4 2 4 8 5 
9 17 0 0 3 3 3 14 
0 0 0 2 0 0 0 0 
6 0 9 3 0 0 0 0 
0 0 2 0 2 3 0 0 
8 14 0 0 0 2 1 12 
0 0 1 10 0 3 0 l 
0 1 0 0 0 0 0 0 
0 2 0 1 0 2 0 Q 
0 1 0 1 0 3 0 0 
0 0 0 l 0 0 0 1 
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Table3 VT/SVT rano in each lead and the assigned 
branch block” (LBBB) and “right bundle branch block” (RBBB) pattern tachy 


cardtas 
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diagnosis of ventricular ( VT) or supraventricular tachycardia (SVT) for “left bundle 





I 
LBBB 
ratio] 
Waveform diagnosis 
1 R 13 
2 Rs 1 
3 rS 4 
4 RSr - 
5 rSR - 
6 RsR 15 
7 QS n 
8 qR [ 
9 Qr 
10 QRs t 
ll qRS - 
12 4X - 


EN 


aVF Vi 


RBBB LBBB RBBB LBBB 
ratio] ratio] rano] ratio} 
diagnosis diagnosis diagnosis 

2 VT 2 VT 125 SVT - 

16 SVT * SVT 05 SVT - 

2 6 VT 1 SVT 17 SVT 19 

- - - - 1 SVT - 

z B t VT * SVT - 

e: " t VT x SVT - 

15 SVT 38 VT 16 VT 1:8 

- — T VT 0-5 SVT - 

- — - - 2 VT t 

E E E + VT 

T VI. <= = 23 = 

l SVT - = 1 SVT - 


V6 

RBBB LBBB RBBB 

ratio] ratio] ratio] 

diagnosis diagnosis diagnosis 
= 6 VT 1-5 SVT 025 SVT 
- 2 VT 2 VT 06 SVT 
SVT - - l SVT 47 VT 
is " E * SVT - E 
-— 03 SVT - - - - 
~ * SVT 15 SVT - = 
SVT -~ - { VT 12 VT 
u 10 VT YT ft VT 
VT E "A M i z = 
VT VT t VT - ~ 
VT VT t VT - - 
= Vr = - t VT 


*Only panents with SVT had this waveform in this lead; tonly patients with VT had this waveform in this lead For waveforms see figure 2. 


Figure 3 Predictive 
waveforms in lead aVF in 
“right bundle branch 
block" pattern tachycardia 
shown separately for 
ventricular 
supraventricular 
tachycardia. 


analysis of all the significant predictors, both 
clinical and electrocardiographic. A history 
of myocardial infarction, the specific QRS 
configurations in leads VI and aVF, and the 
change in axis from sinus rhythm to tachy- 
cardia remained independent predictors of 
ventricular tachycardia. 

A repeat analysis was performed with only 
these four variables (table 6). Table 7 shows 
generated probabalistic functions. If none of 
the criteria was met then the diagnosis was 
almost certain to be supraventricular tachy- 
cardia. If only one criterion was met it was 
likely to be supraventricular tachycardia. If two 
criteria were met the diagnosis was likely to be 
ventricular tachycardia. If three or four of the 
criteria were met the diagnosis was almost 
certain to be ventricular tachycardia. Figure 6 
shows the logistic curve generated by this 
analysis. The points on the curve for none, one, 
Or two criteria present are plotted. With no 
criteria met then BX is —6-92, the value of 


"constant", the constant term, and the 
AVF 'right bundle branch block' pattern 

Waveforms diagnostic of VT 

Number Waveform Description 

7 QS az Qs 

9 Or Am Q»r 
10 QRs ves Q»3 
Waveforms diagnostic of SVT 

1 R es Single R wave 

2 Rs 4 ee R>s 

3 rS S E $»r 

4 RS = R»r' 

b rSR VL R»r 

86 RSR ax A R'-R 

8 gR e ion R>q 
12 4X —L— Four waves or more 


probability of the diagnosis being ventricular 
tachycardia approaches zero. If the only 
criterion met is a myocardial infarction then 
BX = —692 + 630 = —0:62 and so P = 
1/1+(e7®¥) = 1/14+(e% = 035. The 
probability of the diagnosis being ventricular 
tachycardia is therefore 35% if the only 
criterion met is that the patient has had a past 
myocardial infarction. Applying these criteria 
back to the original data achieved a 93% 
predictive accuracy. This was increased to 95% 
by adding into the model independent P waves 
and ventricular extrasystoles with the same 
QRS configuration as in tachycardia. These 
tests will need to be repeated prospectively. 

Table 8 shows the result of multivariate 
analysis using the a priori electrocardiographic 
classification, and the result when these were 
combined with the significant clinical variables. 
Table 9 is the final analysis with just the 
combined significant variables. Table 10 gives 
the generated probabilities as seen in table 7. 
When these criteria were applied back to the 
original data the predictive accuracy achieved 
was 84%. 


AVF ‘left bundle branch block’ pattern 
Waveforms diagnostic of VT 


Number Waveform Description 
1 R l N— Single R wave 
5 rSR — V — Ri>r 

8 RSR i Vi R'=R 

7 QS PNI Os 

8 qR —s/ — R>q 
Waveforms diagnostic of SVT. 

2 Rs mi R>s 

3 rS zac UE arcc S»r 


Figure 4 Predictive waveforms in lead aVF in “left 
bundle branch block" pattern tachycardia shown 
nre d ventricular and supraventricular 

L cardia. 
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Figure 5 Predictive V1 
waveforms in lead V1 Waveforms diagnostic of VT 
shown separately for 
ventricular and Number Waveform Description 
supraventricular 7X 
tachycardia. 1 R Single R wave 
2 Rs ERAN R>a 
4 RS An Rar 
8 qR ee R»q 
8 Or "ue Q>r 
10 QRs =e Q>s 
11 qRS ears S>q 
12 4X | Four waves or more 
Waveforms diagnostic of SVT 
3 rS ub E S>r 
B rSR A es R>r 
8 RSR I gaf 
7 OS ye Qs 
| 
Discussion 


Previous investigators have identified many 
clinical and electrocardiographic criteria that 
are useful in the differential diagnosis of broad 
complex tachycardia. We have shown that 
many of these criteria are interrelated. The use 
of multivariate analysis allowed identification of 
the independent predictors in this study group. 

We studied a series of consecutive patients 
referred for electrophysiological evaluation. 
The findings may not be directly applicable to 
all patients with broad complex tachycardias, 
but referral patterns probably reflect physician 
preference rather than patient selection. We 
therefore believe that these patients are broadly 
representative of those presenting to accident 
and emergency departments. Ideally, however, 
the results of this study need to be confirmed in 
a further prospective study, in which an 
attempt could be made to reduce further any 
selection bias. This has not been done with any 
previous study. ` 


- 


Table 4 Success of assigned waveforms and a priori waveforms in the diagnosis of 
ventricular tachycardia (VT) or supraventricular tachycardia (SVT) 





Predictroe power for VT 





True diagnosis Predictros 
Correct diagnosis — Sensitivity P er ed Accuracy 
im leads VT SVT (3%) (9$) (9?6) 
Success of assigned waveforms 
I 39/69 24/33 57 73 61 
aVF 54169 20/33 78 61 73 
Vi 35/69 28/33 51 85 62 
V6 37/69 29/33 54 88 65 
Success of a priori waveforms ; 
vl 57/69 23/33 83 70 78 
V6 41/69 26/33 59 79 66 
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Table5 Multwariate analysis: constant ts the constant 
term, D is the coe entered into the logit equation, 
and the p value ts the sigmficance of the variable 








B p value 
Cirmcal variables alone 
Constant — 1-93 0 015 
Age 0 027 0 19 
MI 2:64 0-027 
Hypotension 1-10 0 13 
S 0 589 0 36 
CTR > 055 2 46 0 027 
Electrocardiographic criteria alone 
Constant —4 65 0 185 
Tachycardia: 
QRS width —0 0089 0 65 
RR interval —0 0072 018 
Configuration. 
Kmdwall 2 56 0 0012 
Lead I 0 345 0 67 
Lead aVF 374 0 00041 
Lead V1 3 39 0 0045 
Lead V6 . ] 66 0 112 
Axis tachycardia 0 46 0 59 
s 3 42 0 000698 
Significant electrocar aphic and 
vari 
Constant —6-97 0 0002 
MI 5-67 0-0034 
CTR > 055 2 04 0 418 
Kundwall 0 59 055 
Lead aVF 432 0 00042 
Lead Vi 318 0 0026 
Axs shift 221 0-000235 


CTR, cardiothoracic ratio, MI, myocardial infarction. 


Many of the results of univariate analysis in 
this study are in accord with previously pub- 
lished data. In the paper by Baerman and 
colleagues in 1987, an age greater than 35 years 
and a history of previous myocardial infarction, 
angina pectoris, or congestive cardiac failure all 
had positive predictive values of greater than 
95% for the diagnosis of ventricular tachy- 
cardia.’ In our study, smoking, haemodynamic 
collapse during the attack, and previous cardiac 
surgery were also associated with the diagnosis 
of ventricular tachycardia. 

Many of the electrocardiographic criteria 
have been described before. The QRS width 
during tachycardia was described by Wellens 
and colleagues in 1978, who found that a width 
of greater than 140 ms predicted ventricular 
tachycardia.* In the present series five of the 33 
patients with supraventricular tachycardia had 
a QRS width greater than 140 ms, either 
because of eccentric anterograde conduction 
through an accessory pathway (three patients) 
or an intraventricular conduction delay (two 
patients). Independent P waves are mentioned 
in all reports of the diagnosis of broad complex 
tachycardia. If correctly identified they are 
almost 100% specific for ventricular tachy- 
cardia with a high sensitivity (80-90%). Their 
identification on the  electrocardiogram, 
however, is subjective and it is probably neces- 
sary to confirm the presence of independent 
atrial activity by some other method. Extra- 
systoles with the same QRS configuration as 
that seen during tachycardia were 100% 
specific for ventricular tachycardia, but only 
had a sensitivity of 1795. 

Wellens and colleagues showed that left axis 
deviation in the presence of “right bundle 
branch block" pattern was a useful sign of 
ventricular tachycardia.* Dancy and Ward 
stated that left axis deviation during any broad 
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Table 6 Combined sigmficant variables 








B p value 
Constant —6 92 0 0003 
MI 6 30 0 0009 
Axis shift 4 45 0 00009 
Lead aVF 4 53 0 00001 
Lead V1 3 44 0 0009 





MI, myocardial infarcnon 


complex tachycardia is indicative of ventricular 
tachycardia.? The present paper confirms both 
these observations, but also suggests that right 
axis deviation is an equally useful sign, 
especially in the presence of “left bundle 
branch block” pattern tachycardia. However, a 
change in axis between sinus rhythm and 
tachycardia of more than 40°, either to the right 
or to the left, was a more powerful predictor of 
ventricular tachycardia. 

The paper by Dongas and colleagues sugges- 
ted that an identical bundle block pattern in 
sinus rhythm and in tachycardia is diagnostic of 
supraventricular tachycardia. However, only 
one patient with supraventricular tachycardia 
with bundle branch block both in sinus rhythm 
and in tachycardia was seen in this study. 
There were, however, two patients who had 
very similar “right bundle branch block” pat- 
terns in sinus rhythm and in ventricular 

- tachycardia. 

Previous papers have examined the con- 
figuration of the chest leads.4’? This study 
confirms that various waveforms in leads V1 
and V6 in “right bundle branch block" pattern 
tachycardia are diagnostic. À single R wave or 
biphasic waveform in lead V1 was highly 
suggestive of ventricular tachycardia, while an 
RSR' pattern was suggestive of supra- 
ventricular tachycardia unless the amplitude of 
the R wave was greater than that of the R' wave. 
In lead V6 an R or RS pattern, where the R 
wave was greater in amplitude than the S wave, 
was suggestive of supraventricular tachycardia, 
while a Q wave or an RS pattern with a 
dominant S wave was suggestive of ventricular 
tachycardia. In this study lead I was not helpful 
in most patients, though in “left bundle branch 
block" pattern tachycardia a QS or qR was 
suggestive of ventricular tachycardia. Lead 
aVF was the most useful of the four leads, with 
a 72% predictive accuracy for ventricular 
tachycardia. In this lead a QS pattern was seen 
in 31/69 (45%) patients with ventricular 
tachycardia and only 5/33 (1596) patients with 
supraventricular tachycardia. The criteria for 
the analysis of “‘left bundle branch block" 


Table7 Probabilities (98) that a broad complex tachycardia is ventricular in origin 
tested by the logistic regression equation if one or two of the four criteria are present 








Alone J- MI + Shift +aVP VI 
MI 35 98 98 95 
Shift 8 98 88 72 
aVF 8 98 88 74 
Vi 3 95 72 74 





If no criteria are met the probability that the diagnosis is ventricular tachycardia is leas than 1%. 
If three or four criteria are met the probability that the diagnosis is ventricular tachycardia is 
ter than 99%, 
; myocardial infarction, 
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Fwure 6 Logistic curve of BX (the sum of the equation) 
versus probability (the probability of the diagnosis being 
ventricular tachycardia) produced by the analysis with 
the points produced by the various combinations of the 
criteria met. The closed circles represent none or only one 
criterion present when the probability of the diagnosis of 
ventricular tachycardia is less than 50%. The open 
circles represent two criteria being present, and the 
probability of the diagnosis betng ventricular tachycardia 
1s greater than 50%. Three or four criteria make the 
probability of the diagnosis being ventricular tachycardia 
approach 10096. a = no criterion; b = V1; c = axis 
shift; d = aVF; e = MI; f = VI + axis shift; g = VI 
+ oe z MI + Vl;: = MI + axis shift; ; = MI 
T avi. 


pattern tachycardia put forward by Wellens 
and colleagues and tested by Kindwall er al 
were also included in the multivariate 
analysis.! ? 

When we tried to enter this data into multi- 
variate analysis we encountered various 
problems. The main one was how to enter the 
different waveforms. The solution we used was 
to dichotomise them on the basis of the 
univariate analysis, so that waveforms seen 
more often with ventricular tachycardia or with 
supraventricular tachycardia were designated 
as being in favour of ventricular tachycardia or 
supraventricular tachycardia respectively. 
‘This method is not perfect, but alternative 
solutions such as converting each waveform, in 
each lead, to a risk ratio based on the proportion 
of VT/SV'T has greater theoretical problems. 
It would convert non-continuous data to con- 


Table8  Multivariate analysis with a priori criteria 


f p valus 
A pnon electrocardiographe criteria alone 

Constant —3 52 0 064 
Tachycardia 

QRS width 0 016 0 15 

RR interval -- 0-0036 04i 
Configuration 

Lead V1 2:4 0-001 

Lead V6 0 55 0 41 

Axis tachycardia 0 61 0 33 

Axis shift 2 05 0 0013 

Sumficant a priori aphic 
and climcal variables 

Constant —2-Bi 0 0024 
MI 3 68 0 0028 
CTR » 055 2-01 0 080 
Lead Vi 1-78 0 0087 
Axis shift 234 0 0018 


CTR, cardiothoracic rano, MI, myocardial infarction 
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sox =>- os + Table 9...Combined.significant.variables.—. .. ~--~- . | electrocardiograms-was not-performed blindly. - 





hi p value 
Constant —2 73 0 0002 

3.86 0 001 
Axis shift 2:55 0 00043 
Lead Vi 187 0 0049 


tinuous data and would make the clinical use of 
the criteria even more difficult. The waveform 
criteria in leads V1 and V6 which were used for 
the diagnosis of “right bundle branch block” 
pattern tachycardias as described by Weilens 
and colleagues‘ are essentially the same as those 
generated by this study but they cannot be used 
alone because they do not include all possible 
waveforms. Because of the 
problems of deriving the electrocardiographic 
criteria from the data we also tested an a priori 
classification of leads V1 and V6. This showed 
that lead V1, but not lead V6, was an important 
independent predictor of the origin of a broad 
complex tachycardia, with similar waveform 
criteria as the derived classification. Concor- 
dance, either negative or positive, across the 
chest leads was not analysed separately from 
waveforms in leads V1 or V6 because it would 
be a derivative variable. Axis and axis change 
were dichotomised because the circular nature 
of the axis does not allow their use as con- 
tinuous variables. 

The second problem was that of variables 
that were obviously dependent on each other. 
The multivariate model we used was based on 
the premise that the variables show some 
independence. This means that the very depen- 
dent variables must be eliminated. Because all 
patients with angina, coronary artery surgery, 
or congestive heart failure had had either a 
myocardial infarction or an abnormal cardio- 
thoracic ratio or both we did not enter these 
variables into the multivariate analysis. 
Independent P waves and identical ventricular 
extrasystoles posed a different problem. Both 
these variables in this data set were 100% 
specific. In iterations the model found that these 
variables were always associated with ven- 
tricular tachycardia but with a low sensitivity 
and so they had no effect on the predictive 
power of the other variables. These two vari- 
ables, therefore, produced a very high coef- 
ficient (f) and a P value approaching unity. 
When they were added to the final analysis these 
two variables increased the diagnostic accuracy 
ofthe model from’93% to 95%. 

In the present study the analysis of the 


- Table10 Probabilities (?6) that a broad complex 
tachycardia is ventricular in origin tested by the logistic 
regression equation tf one or two of the four criteria are 





Alone 4-MI + Shaft Vi 
MI 75 97 95 
Shift 45 97 85 
Vi 29 95 85 





is ventricular aaa 18 greater than 99%. 
MI, myocardial infarction 


theoretical 


The validity of the relatively soft sign of 
independent P waves was not adequately tested 
and would therefore benefit from further 
research. As with previous studies, ?? blinding 
the observer to the other electrocardiographic 
signs was not thought necessary because these 
criteria were all objective measurements. 

Our multivariate analysis showed the inter- 
dependence of many of the clinical and elec- 
trocardiographic features. À history of myo- 
cardial infarction and an abnormal cardio- 
thoracic ratio were two independent clinical 
predictors of ventricular tachycardia. The 
QRS patterns in leads aVF, V1, and V6, as well 
as the criteria of Kindwall and colleagues and 
the change in QRS axis were all independent 
electrocardiographic predictors of ventricular 
tachycardia. When the electrocardiogrami and 
clinical data were added together the indepen- 
dent predictors were a history of myocardial 
infarction, the QRS complex configurations in 
leads aVF and V1, and change in QRS axis. 
Thus the criteria of Kindwall and colleagues 
did not seem to be independent of a history of 
myocardial infarction? QRS complex con- 
figuration in lead V6 was not an independent 
predictor of ventricular tachycardia, though it 
is widely used.* The QRS configuration in lead 
aVF was an important independent preditor of 
the origin of the tachycardia. Lead aVF has not 
been previously analysed in this context and 
these findings need confirmation. 

The four independent variables when 
applied back to the data achieved a 93% 
predictive accuracy (dropping to 84% if only 
an a priori electrocardiographic classification is 
used). The addition of the two very specific 
variables, ventricular extrasystoles of the same 
configuration and independent P waves, 
increases the diagnostic accuracy of the model 
by only 2%. The fact that the predictive 
accuracy did not approach 100% supports the 
use of other methods as adjuncts to the diag- 


. nosis. Attempted termination by adenosine and 
. Doppler analysis of the atrioventricular rela- 


. tion may allow more accurate analysis." ? The 


use of adjunctive diagnostic methods is par- 
ticularly important if only one or two major 
diagnostic criteria are met because the diag- 


, nosis is then still in doubt (with probabilities of 


3—35% or 72-98% respectively for the diag- 
nosis of ventricular tachycardia). The diagnosis 
is virtually certain if either none (supra- 
ventricular tachycardia) or three or four criteria 
are met (ventricular tachycardia), A computer 
based expert system using these four criteria 
would be extremely useful in clinical practice. 
Alternatively, these criteria could form the 
basis of a simple clinical algorithm, which 
could be made available in accident and emer- 
gency departments. 

‘The analysis using the a priori criteria con- 
firms that lead V1, axis shift, and a history of a 
myocardial infarction are the three indepen- 
dent predictive variables. Their combined 
predictive-accuracy of 84% is lower than that 
seen with the derived electrocardiographic 
criteria, probably because of the exclusion of 
lead aVF. 
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We found that a history of myocardial infarc- 
tion, axis shift during tachycardia, and the 
QRS configuration in lead V1 were the 
independent predictors of the origin of a broad 
complex tachycardia. The QRS configuration 
in lead aVF also seems to be both an important 
univariate and independent multivariate 
predictor of the origin of a broad complex 
tachycardia, but this needs prospective confir- 
mation. 


The staustics in this study were performed in conjunction with 
John Micklewright, PhD, lecturer in microeconometrics at 
Queen ge? he College and Associate Professor, University of 
Florence. His specialty us the application of statistics to small 
population groups. 
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Radiology, University of L'Aquila, Ospedale 
Collemaggio, 67100 L'Aquila, Italy (Fax: 39 
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The First Symposium on Magnetic 
Resonance Imaging of the Cardiovas- 
cular System will be held in Rome on 14 to 16 
October: Scientific Secretariat, Dr Paolo 
Pavone, Department of Radiology, University 
of L'Aquila, Ospedale Collemaggio, 67100 
L'Aquila, Italy (Fax: 39 862 410997; Tel: 39 
862 26164). 


An International Symposium and Work- 
shop on Transoesophageal Echocardio- 
graphy in Congenital Heart Disease will be 
held in Edinburgh on 23 and 24 November: 
The Secretary, Symposium ‘““TEE in Congen- 
ital Heart Disease", Department of Paediatric 
Cardiology, Royal Hospital for Sick Children, 
Sciennes Road, Edinburgh EH9 1LF. 
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The Annual Meeting of the British Cardiac 
Society will take place at the Harrogate Inter- 
national Centre on 26 to 29 May. 


The Ninth International Congress of 
Histochemistry and Cytochemistry will 
be held in Maastricht on 30 August to 5 
September: Organising Secretariat, Professor 
F C S Ramaekers, Department of Molecular 
Cell Biology, University of Limburg, PO Box 
616, 6200 MD Maastricht, The Netherlands 
(Fax: 31 43 437640; Tel: 31 43 888642). 
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Comparison between prostaglandin E, and 


epoprostenol (prostacyclin) in infants after heart 


Judith Kermode, Warwick Butt, Frank Shann 


i 


surgery 


Abstract 

Objective—To study the dose response 
characteristics of prostaglandin E, and 
epoprostenol (prostacyclin) and directly 
to compare their effectiveness as pulmon- 
ary vasodilators in infants with pulmon- 
ary hypertension. 

Design—A crossover design with each 


"7'patient receiving both drugs in random 


order. 

Setting-—Infants were studied in the 
intensive care unit while they were 
sedated, paralysed, and ventilated. 

Patients—Twenty infants who had 
undergone corrective cardiac surgery 
and who were in sinus rhythm, had 
stable haemodynamic function, and had 
a pulmonary artery catheter in place. All 
infants were receiving dopamine and 
phenoxybenzamine. 

Interventions—Baseline haemodyn- 
amic measurements were taken and an 
infusion of the first drug was started at 
the lowest dose: after 20 minutes the 
measurements were repeated and the 
dose increased. This protocol was 
repeated for all doses of both drugs: 10, 
30, and 100 ng/kg/min of prostaglandin 
E, and 5, 10, and 25 ng/kg/min of 


epoprostenol. Cardiac output was 
measured by the pulsed Doppler 
ultrasound method. 


Main outcome measures—Pulmonary 
and systemic vascular resistances were 
calculated from the cardiac output and 
compared by the Wilcoxon signed ranks 
test. 

Results—Both prostaglandin E, and 
epoprostenol were effective vasodilators: 
Sng/kg/min of epoprostenol was 
equivalent to 30 ng/kg/min of pros- 
taglandin E. 

Conclusions—Neither drug 
pulmonary specificity. 


showed 


Prostaglandin E, and epoprostenol (prosta- 
cyclin, PGL) are endogenous prostaglandins 
with potent vasodilatory effects and similar 
structures and properties.! ^ PGE, was the first 
prostaglandin to be isolated.!?^ It is used as a 
pulmonary vasodilator in patients with pul- 
monary hypertension? and though the pul- 
monary circulation can rapidly metabolise 
PGE,’ systemic vasodilatation often accom- 
panies doses large enough to cause pulmonary 
vasodilatation.’ It is used extensively to main- 
tain ductal patency in infants with congenital 


heart disease who are ductus dependent,’ but 
there are few published reports of its use as a 
pulmonary vasodilator in infants and chil- 
dren.'? 

Prostacyclin, identified in 1976, is the main 
arachidonic acid metabolite formed by vas- 
cular endothelium.? It is a more potent 
inhibitor of platelet aggregation than PGE, 
and may also play a part in modulating pul- 
monary vascular tone, thereby contributing to 
the thromboresistance of endothelial cells.’ 
Early reports of its use in children suggested 
that it caused highly selective pulmonary 
vasodilatation’ °; however, in larger studies 
PGI, was a consistent but non-selective 
vasodilator.''” As epoprostenol, prostacyclin 
is used clinically both to assess the rever- 
sibility of pulmonary vasoconstriction before 
surgery! and as long term treatment for 
patients with primary pulmonary hyperten- 
sion. 

In infants with cardiac lesions associated 
with high pulmonary blood flow severe pul- 
monary vasoconstriction can develop in 
response to adverse factors after operation.'® Y 
PGE, and epoprostenol are both used in the 
management of reactive pulmonary hyperten- 
sion but there is no reported comparison of 
their efficacy in infants. This study was con- 
ducted to document the dose response charac- 
teristics of PGE, and epoprostenol and direc- 
tly to compare their effectiveness as pulmonary 
vasodilators. 


Patients and methods 

PATIENTS 

The mean age of the 20 patients we studied 
was 2:8 months (range 3 days—6 months), and 
their mean weight was 42 kg (3:2-6:2 kg). 
The diagnoses were ventricular septal defect 
(nine cases), complete atrioventricular canal 
(five cases), total anomalous pulmonary veins 
(four cases), transposition of the great vessels 
(one case), and truncus arteriosus (one case). 


METHODS 

The study was carried out in the Intensive Care 
Unit at the Royal Children's Hospital, a 
multidisciplinary unit that has 600 cardiac 
surgical admissions a year. Patients undergoitig 
intracardiac repair were eligible for the study if 
they were less than 12 months old, in sinus 
rhythm, had no bleeding, showed less than 5% 
changé in cardiovascular variables^over the - 


previous hour, and had a pulmonary artery, ', 


catheter in place. Informed parental cónsent 
and the approval of the ethics committee were 
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obtained. Patients were studied 4—48 hours 
after operation and were given a morphine 
infusion (10-30 ug/kg/h), neuromuscular 
blockade with pancuronium (0-1 mg/kg as 
required), inotropic treatment (dopamine 5- 
10 ug/kg/min), and vasodilatation with 
intravenous phenoxybenzamine (1 mg/kg as a 
loading dose intraoperatively, then 0-5-1 mg/ 
kg every 8-12 hours). The dopamine infusion 
rate, arterial pH, and Paco, were held constant 
during the study. 

Monitoring included continuous heart rate, 
mean systemic and pulmonary arterial pres- 
sures, and right and left atrial pressures, 
measured via catheters placed at operation. 
The cardiac output was measured non- 
invasively by the pulsed Doppler ultrasound 
method" with a Vingmed SD-100 unit 
(Vingmed Horten, Horten, Norway). PGE, 
(Prostin VR Pediatric, Upjohn, Kalamazoo, 
MI 49001, USA) was diluted in 0-9% saline 
solution; epoprostenol (Flolan, Wellcome, 
UK) was diluted in glycine buffer and then 
0-975 saline according to the manufacturer's 
instructions. The drugs were infused into a 
central or peripheral intravenous line by a 
syringe pump. The doses of PGE, used were 
10, 30, and 100 ng/kg/min, and the doses of 
epoprostenol were 5, 10, and 25 ng/kg/min. 

We studied 20 patients; each received an 
infusion of PGE, and epoprostenol given in 
random order. After baseline measurements 
were taken an infusion of the first drug was 
started at the lowest dose; after 20 minutes the 
measurements were repeated and the infusion 
rate was increased. This sequence was repeated 
for each dose of the first drug and then for the 
other drug, allowing a washout period of 20 
minutes. Each drug infusion was started at the 
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lowest dose because of the risk of systemic 
hypotension. Colloid was given if required to 
keep left atrial pressure constant. 

Derived variables were calculated according 
to the following formulas: cardiac index (I/min/ 
m?) = cardiac output (1/min)/body surface area 
(m°); systemic vascular resistance (dyn.s.cm ^?) 
=: (mean systemic arterial pressure — right 
atrial pressure) x 79-9/cardiac output; pul- 
monary vascular resistance (dyn.s.cm ^) = 
(pulmonary artery pressure — left atrial pres- 
sure) x 79-9/cardiac output. 

We used the Wilcoxon signed ranks test to 
compare the haemodynamic values at each dose 
of the drugs with baseline values and to com- 
pare the effects of one drug with those of the 
other. 


Results 
Table 1 shows the effects of PGE, on the 
haemodynamic indices and table 2 the effects of 
epoprostenol on the haemodynamic indices. 
Both drugs produced a decrease in pulmon- 
ary and systemic vascular resistance (figs 1 and 
2) and an increase in the cardiac index (fig 3); 
PGH, at 30 and 100 ng/kg/min produced 
vasodilatation approximately equal to that 
produced by 5 and 10 ng/kg/min of epopros- 
tenol respectively. Neither drug, however, 
showed any specificity for the pulmonary cir- 
culation. To compare their degree of pulmon- 
ary specificity we calculated a quantitative value 
of the relative effects of PGE, and epoprostenol 
from the absolute differences between the 
change in the pulmonary and systemic vascular 
resistances from control values at each dose. 
These differences for equivalent doses were 
then compared by the Wilcoxon signed ranks 


Table 1 Effects of prostaglandin E, (PGE,) infusion on haemodynamic indices in 20 infants (mean (SD) ) 


Dose of PGE, 
Control 10 ng] kg]»min 30 nglkgirn 100 nglkgimtn 

Index (n = 20) {nm 20) (n = 20) (n = 20) 
HR (beats/mm) 156 (18) 161 (20)* 158 (16) 158 (16) 
MAP (mm Hg) 54 4 ts 0) 53-9 (9 9) 52-0 F I 50 8 (9 1)* 
PAP (mm Hg) 21-3 (5-1) 21-2 (5-4) 20 4 (4-4)* 19 5 " 8)* 

mm 8 0(2 0) 8:2 (2 1 52 o 78(19) 
RAP nis Hig) 6 2 (2-0) 6 4(2 2) 6:3 (i 4 6:3 ti 4) 
CI m?) 42(1:3 43 (1 3) 44 (1 4)* 4:5 (1 4)* 
SYR (dyn s cm?) 3793 (1153) 3622 (1017) 3427 (1029)* 3312 (1060)* 
PVR (dyn.s.cm ?) 1075 (576) 1027 (514)* 968 (483)* 880 (425)* 





*p « 0 05 (compared with control values). 


I, cardiac index, HR, heart rate; LAP, left atrial pressure; MAP, mean systemic arterial pressure, PAP, pulmonary arterial 
pressure, PVR, pulmonary vascular resistance; RAP, night atrial pressure, SVR, systemic vascular resistance. 


Table 2 Effects of epoprostenol ( PGI) infusion on haemodynarmic indices in 20 infants (mean ( SD)) 





Dose of PGI, 

Control 5 ng| kg| mtn 10 ng[kg|min 25 nglkg|[ min 
Index (n = 20) (n m 20) (n = 20) (n = 15) 
HR (beats/min) 156 (18) 162 (17)* 162 (16)* 168 (18)* 
MAP (mm Hg) 54 4 (8-0) 54 2 (10 7) 50 2 (10 6)* 46 7 (9 4)* 
PAP (mm Hg) 21-4 (4 9) 213(52) 20:1 (4:6)* 19-7 (4 4)* 
LAP (mmHg) 8 0 (2 0) 84(21) 8 4 (2 4) 83(2 
RAP. (mm Hg) * 6-2 (2-1) 6:4 (2 3) 6-7 (2 2)* 6 9 (19)* 
CI (l/minim?) . 42(13) 44(1 3)* 4 6(13)* 5 3(1 6)* 
SVR (dyn s cm^ 2 3875 (1227) 3584 (1176)* 3084 (982)* 2438 (757)* 
PVR (dyn s.cm7 1100 (551) 996 (479)* 857 (382)* 702 (276)* 





*p < 0'05 (compared with control values) See footnote to table 1 for abbreviations 
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test; they did not reach statistical significance— 
that is, no difference was shown between the 
pulmonary specificity of the two drugs. 


Discussion 

We confirmed that both PGE, and epoprostenol 
are effective vasodilators, producing a decrease 
in systemic and pulmonary vascular resist- 
ances, but with no pulmonary specificity. 
Epoprostenol was 6—10 times more potent than 
PGE,. 

Haemodynamic function can change con- 
siderably as the circulation recovers from 
cardiopulmonary bypass. To minimise the 
effects of this we used each patient as his own 
control, randomised the order of the drugs, and 
limited each infusion period to 20 minutes. In 
our unit inotropic treatment (dopamine 5- 
10 ug/kg/min) and phenoxybenzamine are 
given routinely to infants after cardio- 
pulmonary bypass. Dopamine at these doses 
may increase cardiac index and systemic pres- 
sure but does not significantly alter pulmonary 
artery pressure or the pulmonary vascular 
resistance.” ? Phenoxybenzamine, a direct a 
adrenergic blocking agent,”' vasodilates all vas- 
cular beds; it is not known how this affects the 
actions of PGE, and epoprostenol and 
therefore our results may not be valid for 
patients who are not taking « adrenergic block- 
ing agents. 

Cardiac output measured by pulsed Doppler 
ultrasound accords closely with the results 
obtained by the Fick and dye dilution tech- 
niques in infants? ?; the technique is simple, 
non-invasive, can be performed repeatedly, 
and is used in our unit as the standard measure 
of cardiac output. None of the potential sources 
of error such as aortic valve abnormalities, 
subcutaneous emphysema, or a significant 
intracardiac shunt were present in the patients 
we studied. 

Rubis et al compared the effects of PGE, in 
children after open-heart surgery with those of 
sodium nitroprusside.’ Although both PGE, 
and sodium nitroprusside were effective 
vasodilators, PGE, produced a more variable 
response: high doses of PGE, (200-1000 ng/kg/ 
min) produced troublesome side effects in five of 
their 26 patients, four of whom had an increase 


_in pulmonary and systemic pressures. We used 


lower doses of PGE, in a younger, more 
homogeneous population, and all patients were 
sedated, ventilated, and receiving inotropic 
treatment. These factors probably explain the 
lack of adverse effects and the consistent 
vasodilatation we observed. The effects of 
epoprostenol in our patients accord with those 
reported in older children and adults: Bush et a/ 
studied the effects of epoprostenol in 20 chil- 
dren aged 2 months to 19 years with pulmonary 
hypertension caused by congenital heart 
disease, and showed a dose-dependent but 
non-selective vasodilatation.” In their study 
systemic hypotension occurred at doses higher 
than 20 ng/kg/min. 

PGE, and epoprostenol were equally effective 
in infants with pulmonary hypertension after 
cardiac surgery. Because epoprostenol is more 
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expensive, we believe that PGE, is the 
preferred drug. As more is learned about the 
specific roles of the prostaglandins in the patho- 
physiology of pulmonary vascular disease, 
however, epoprostenol may become the drug of 
choice. 


Wethank Dr Peter Heery of Wellcome (Australia) for the supply 
of epoprostenol. TK 1s verde by a Nanonal Health and 
Medical Counci M edical Postgraduate Research 
Fellowship. 
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‘Thrombus within a submitral left ventricular 
aneurysm: diagnosis on cross sectional 
echocardiography 


Clive S Lawson, Graham E Venn, Michael M Webb-Peploe 


sternal angle. The apex beat was dis} 
2 cm lateral to the mid-clavicular line and was 
hyperdynamic. A grade two pansystoli 
mur was audible at the apex and radi 
the left axilla. Crackles were 
mid-zones of the chest bilateral!) 
An electrocardiogram 
fibrillation and showed 


Abstract 

Subvalvar left ventricular aneurysms 
are rare and occur predominantly in 
black Africans. A submitral left ven- 
tricular aneurysm was diagnosed on 
cross sectional echocardiography in a 
black woman born in the United King- 
dom. The left parasternal long axis view 


audibk 


conhrmed IET 


borderlin: 


showed a highly echogenic mass tricular hypertrophy but was otherwise within 
apparently attached to the wall of a normal limits. A chest radiograph showed 
dilated left atrium, but the apical two- cardiomegaly with a cardiothoracic ratio of 14 
chamber view showed that this was 22. There was a double right heart 

thrombus in the apex of a left ven- with straightening of the left heart borde: 


The lung fields showed pulmonary oedema 
Cross sectional echocardiography in th: 


tricular aneurysm. The patient sub- 
sequently underwent surgical correction. 


parasternal long axis view showed 
Subvalvar left ventricular aneurysms are rare. echogenic mass apparently attached 
They occur predominantly in the black races wall of a dilated left atrium (5-0 em). In th 
of sub-Saharan and Western Africa with apical two-chamber view. however hi 
sporadic cases in North America, the West identified as clot in the apex of a | 
Indies, and Japan. They arise most commonly tricular aneurysm filling half its cavitv (fig 
in relation to the mitral valve annulus and The aneurysm arose below the po 
may contain thrombus. We report an example mitral valve leaflet and extended to compress 


of a submitral aneurysm in a black woman 
born in the United Kingdom. To our 
knowledge this is only the second report of 
such a case in the United Kingdom and the 
first in which the appearance of thrombus 
within the aneurysm was shown by cross sec- 
tional echocardiographv. 


the left atrium from behind, stretching th 
posterior leaflet of the mitral valve. The val 
leaflets showed mild thickening and there wa 
evidence of moderate mitral regurgitation 
colour flow Doppler mapping 

The findings on cardiac catheterisati 
accorded with those on echocardiograph 


Case report 

A 24 year old black woman was admitted with 
a two year history of dvspnoea. She was born 
in Britain. Her mother was also black and 
from Sierra Leone but the ethnic origin of her 
father was not known. Dyspnoea initially 
developed while she was visiting Sierra 
Leone, where rheumatic mitral valve disease 
was diagnosed. There was no prior history of 
rheumatic fever. She was treated with digoxin 
and diuretics with symptomatic improvement. 


Departments of 
Cardiology and 
Cardiothoracic 


Surgery, St Thomas's 
Hospital, London 

C S Lawson 

G E Venn 

M M Webb-Peploe 


She had stopped these five months before 
admission and in the month before admission 
progressive dyspnoea, orthopnoea, fatigue, 
and paroxysmal nocturnal dyspnoea had again 
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Figure 2 Left ventricular 
cmeangtogram in the 
lateral view showing the 
aneurysm containing 
thrombus which appeared 
as d filling defe tł 
[t arose below the left 
atrium which was filled by 
mitral valve regurgitation 
and was displaced 
superiorly. An, aneurysm, 
LV, left ventricle; LA, 


left atrium 


arrou 





being best defined in the lateral 
view. On left ventricular cineangiography two 
cavities filled posterior to the left ventricle (fig 
2). On pulmonary artery injection with follow 
through the upper of these was identified as 
the left atrium (filling before the left ventricle 
and the lower as the aneurvsm (filling from the 


aneurysm 


left ventricle), which contained thrombus and 
compressed the left atrium from below. The 
coronary arteries appeared normal 

She improved after treatment with digoxin 
and diuretics was restarted. Subsequent chest 
radiographs, however, showed right upper 
lobe infiltration and there were acid fast bacilli 
in her sputum. After four months of anti- 
tuberculous chemotherapy she underwent 
successful repair of the aneurysm. The pos- 
terior leaflet of the mitral valve was extensively 
reconstructed and the thrombus removed 

Two months later she was readmitted with 
severe mitral regurgitation. At reoperation 
there was considerable fibrosis of the posterior 
leaflet and its chordal apparatus. ‘This 
produced retraction of the leaflet into the left 
ventricular cavity and relative prolapse of the 
anterior leafiet. The rigidity of the annulus 
precluded further repair and a xenograft was 
inserted. She has subsequently been well. 


Discussion 

Left ventricular aneurysms in white patients 
are almost invariably associated with coronary 
artery disease; however, a peculiar form that 1s 
both morphologically and aetiologically dif- 
ferent occurs in black patients. These differen- 
ces were first recognised in South Africans by 
Jacobs and Elliott.’ They noted that whereas 
coronary artery disease was present in all of 57 
consecutive patients of European descent with 
left ventricular aneurvsms it was absent in 15 
consecutive patients from Bantu tribes. They 
also noted that the posterior wall was the most 
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common site of the aneurysm in those of 
Bantu origin. Subsequently, Abrahams er al 
described the association with the mitral and 
aortic valve rings, the former being the more 
common. Patients have since been described 
with aneurysms arising at the left ventricular 
apex. The cause of this condition remains 
obscure though a congenital weakness in the 
ventricular wall seems most likely. 

Most cases occur in sub-Saharan Africa but 
even there this condition is rare with an 
incidence of 0-02", in Zaire, the source of the 
largest number of reports. The only case 
previously reported in this country was in a 
white patient; however, he had electrocar- 
diographic changes suggestive of previous 
posterior infarction and his coronary arteries 
were not studied.’ 

Submitral aneurysms may be single or 
multiple and may extend, as here, superiorly 
o distort the left atrium or inferiorly into the 
ventricular wall or septum. They may com- 
municate with the left ventricle via single or 
muluple communications and may contain 
thrombus. We know of no other case where 
thrombus within a submitral aneurysm has 
been discovered on echocardiography 
Patients may present with emboli but the 
relatively narrow neck of the aneurysm makes 
this uncommon, unlike aneurysms associated 
with coronary artery disease. 

Most patients present, as here, in heart 
failure which may be acute or chronic. Mitral 
regurgitation 1s present in up to 68", of cases. 
Apical systolic and diastolic murmurs caused 
bv blood flow into and out of the aneurvsm via 
its narrow neck and indistinguishable from 
those of mitral valve disease have been de- 
scribed. There was no turbulent flow within 
the aneurvsm on colour flow Doppler mapping 
in our patient. Other patients may present 
with chest pain (attributed to either coronary 
artery compression or pericardial inflamma- 
ton) or with an abnormal chest x ra 

‘The aneurvsm ts usually visible on a chest a 
ray, most commonly as a bulge on the left 
cardiac border. In this case a discrete shadow 
was noted at the right heart border with 
straightening of the left heart border, mimick- 
ing a large left atrium and doubtless con- 
tributing to the initial misdiagnosis of 
rheumatic mitral valve disease. 

Cardiac angiography has been the mainstay 
of diagnosis although there have been two case 
reports in the past decade in which the diag- 
nosis was made on the basis of cross sectional 
echocardiography and the two techniques 
must be regarded as complementary." In 
neither case was thrombus present within the 
aneurysm. 

This condition is strongly associated with 
pulmonary tuberculosis." It is unclear if the 
presence of a submitral aneurysm in some way 
predisposes patients to develop tuberculosis 
or if the association merely represents the 
high incidence of tuberculosis in patients from 
sub-Saharan Africa. 

While symptom free patients have a good 
prognosis, those presenting in heart failure 
usually die within months. Sudden death has 


Thrombus within a submitral left ventricular aneurysm: diagnosis on cross sectional echocardiography 181 


been recorded. Initial attempts at surgical 
excision were associated with a high mortality; 
however, the use of cardiopulmonary bypass 
and advances in technique have dramatically 
improved the safety of this procedure." 

This rare but important condition should 
be considered in patients of African origin in 
the clinical differential diagnosis of mitral 
valve disease and in the echocardiographic 
differential diagnosis of masses apparently 
within the left atrium. 
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Dicoumarol and warfarin 

The poor soil, low rainfall, and hard winters of 
the North American prairies made it difficult to 
grow crops for animal feed until the melilots or 
sweet clovers, Melilotus alba and M officinalis 
(Leguminosae), were introduced from Europe 
early this century. They did well and were used 
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for winter feed. In 1922 a new and mysterious 
disease of cattle was reported in Alberta by a 
veterinary surgeon F S Schofield who nored 
that cattle fed on mouldy sweet clover hay were 
dying of haemorrhage. Properly cured hav was 
harmless. Schofield found that the clotting tims 
was prolonged: a few vears later I. M Roderick 
a veterinary surgeon in Dakota showed that thi: 
was due to a reduced crude prothrombin frac 
tion in the blood. The coincidental intro 
duction bv Dr A J Quick of his one stage 
prothrombin method proved essential for fur- 
ther progress. Dr K P Link, who worked in 
Wisconsin where the disease was common. 
then took up the search for the enigmatic 
“haemorrhagic agent". It was six years before 
the agent was isolated in his laboratory by H A 
Campbell at dawn on 28 June 1939. It was 
shown to be a derivative of coumarin—th: 
substance that gives a sweet smell to new mown 
hay—and was named bishvdroxycoumarin. It 
is formed by fungal action in mouldy swee! 
clover bv oxidation of coumarin to 4-hydroxv 
coumarin which is then coupled with formalde 
hyde. On 1 April 1940 it was synthesised. It was 
first used clinically as an oral anticogulant at thi 
Mayo Clinic in 1941. The American trade 
name was dicumarol; and this was adapted in 
Britain to become the official name dicoumaro! 
Link got tuberculosis in 1945 and, having 
unsuccessfully tried out dicumarol as a rat 
poison in 1942, he spent six months in the 
sanatorium reading about the history of roden! 
control. From 1946 to 1948 his laboratory stafi 
reappraised the synthetic coumarin derivatives 
that they had made and found that number 42 
had a potent and uniform anticoagulant action 
Link proposed it as the ideal rodenticide and 
coined its name warfarin from the Wisconsin 
Alumni Research Foundation, which had 
promoted its use, plus the suffix from coumarin 
(Circulation. 1959;19:97-107). Though dicu- 
marol was enthusiastically used by clinicians 
warfarin, a rat poison, was ignored—until an 
army recruit failed to commit suicide after 
taking a huge dose. Warfarin was soon shown to 
be better and safer than dicumarol It was 
introduced into clinical practice in 1954 
A HOLLMAN 
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Intrapulmonary agenesis of venous system and 


bronchopulmonary arterial anastomosis 


Mohinder K Thapar, Eduardo Riff, Zohair Halees 


Abstract 

Agenesis of the intrapulmonary and 
extrapulmonary veins of the right lung 
was found by angiography and histo- 
logical examination in a three year old 
boy. Blood supplied by the inter- 
segmental arteries drained via the pul- 
monary arteries of the right lung into 
main and left pulmonary arteries. This 
caused a shunt between the aorta and 
pulmonary artery. Agenesis of the pul- 
monary venous system as a cause of left 
to right shunt has not been reported 
before. 


Several forms of pulmonary venous ‘abnor- 
malities, such as pulmonary vein stenosis or 
atresia’? and total or partially abnormal pul- 
monary venous connections’ to various sites, 
have been described. However, the complete 
congenital absence or agenesis of intra- 
pulmonary and extrapulmonary veins of one 
lung has not been reported before. There are 
17 reports of a fistulous communication be- 
tween the internal mammary or intercostal 
artery and the pulmonary artery**; but all of 
these cases had normal pulmonary venous 
return. We report a child with complete 
agenesis of the intrapulmonary and extra- 
pulmonary veins of the right lung. 


Case report 
CLINICAL FEATURES 
A three year old boy presented with a history 
of recurrent lung infections since birth. There 
were no other cardiovascular or respiratory 
symptoms. Growth and development were 
normal. The perinatal and family histories 
were unhelpful. 

He had normal vital signs and no cyanosis. 
His height and weight were in the tenth per- 
centile. Peripheral pulses were normal with a 


Results of cardiac catheterisation 
Saturations 
Site {%) (mm He) (mm Hg) 
Superior vene cave 73 
t atrrum 66 8-7, v—5 4 
Right ventricle 65 l 
Main pulmonary artery 86 23/12 18 
artery 80 12 18 
Ri artery 96 24/11 18 
Left ventiel 98 74/0-8 
99 73/41 59 
consumption = 140 ml/min; cardisc index = 3 4 I/min/m’; index 
2753 dhalna QP'QS = 17:1; pulmonary vare resimano: (RP) = 0 W. units; 


tance (RS) = 17-6 


Wood units, RP:RS = 0:17. 


blood pressure of 100/50 mm Hg in the right 
arm. Cardiac findings included an apical 
impulse in the fourth left intercostal space 
inside the midclavicular line. No heave or 
thrill were present. On auscultation first and 
second heart sounds were normal. No systolic 
or diastolic heart murmurs were present. 
Examination of the chest showed decreased 
breath sounds over the right hemuthorax. 
There was no hepatosplenomegaly. The rest 
of the physical examination was unremark- 
able. 


INVESTIGATIONS 

A complete blood count with differential 
count, sedimentation rate, urine analysis, 
hepatic and renal profiles, serum y globulins, 
tuberculin skin test, and sweat chloride test 
were negative. Multiple blood and sputum 
cultures were sterile. The arterial blood gas 
profile while he was breathing room air 
showed pH 7-38, _ Paco, 37, and Pao, 87 
mm Hg. 


Chest x ray 

The trachea and mediastinum were shifted to 
the right side. The right hemidiaphragm was 
raised. There were diffuse infiltrates and - 
pleural thickening in the right lung. Bron- 
chography showed absence of the posterior 
segment (RB2) of the right upper lobe. The 
right middle lobe was normal. Except for the 
basilar segment (RB9), the other segmental 
bronchi of the right lower lobe were clustered 
together and were much smaller in diameter 
and length than normal. A ventilation and 
perfusion lung scan showed decreased ventila- 
tion and no perfusion of the right lung. The 
left side was normal. ' 


Electrocardiogram 

There was left axis deviation but the electro- 
cardiogram was otherwise normal for age. 
Cross sectional echocardiography with 
Doppler studies showed a reverse flow pattern 
in the right pulmonary artery and a normal 
cardiac anatomy. 


Cardiac-catheterisation 

The pressures in the right and left sides of the 
heart were normal (table). There was a step- 
up in oxygen saturation in the main and left 
pulmonary arteries. The oxygen saturation in 
the right pulmonary artery was 99%. The 
calculated QP:QS was 1-7:1 (assumed oxygen 
consumption 140 ml/min). Systemic and pul- 
monary resistances were normal. 


Pulmonary vein agenesis 


Figure 1 Venous phase of 
arterial angiograms. 

(A) Dye was injected into 
the systemic artery 
supplying the right lung. 
This showed the capillary 
phase and retrograde filling 
of the pulmonary arterial 
tree. Dye flowed 
retrogradely from the right 
to the left pulmonary 
artery. ( B) Dye was 
injected into the main 
pulmonary artery. During 
laevophase the left 
pulmonary veins were seen 
entering the left atrium. 
No pulmonary veins were 
seen on the right side. 





Cineangiography 

The main pulmonary artery angiogram 
showed that there was a continuous flow of 
unopacified blood from the peripheral to the 
central right pulmonary artery and then into 
the main and left pulmonary arteries. Dye 
selectively injected into the distal portion of 
the right pulmonary artery was washed back 
via the central right pulmonary artery into the 
main and left pulmonary arteries. There was 
no forward flow into the capillaries and veins 
of the right lung. The left lung was normal. 
An aortic angiogram showed that systemic 
arteries, two from the thoracic aorta and one 
from the abdominal aorta, supplied the right 
lung. The selective angiograms from these 
arteries showed the flow into the capillary bed 
of the right lung. During the laevophase of 
these angiograms (fig 1) dve collected into the 
pulmonary arterial tree and then left the lung 
via the right pulmonary artery into the main 
and left pulmonary arteries. Neither right 
pulmonary nor systemic arterial injections 
showed a venous system from the right lung. 
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Surgery 

Right pneumonectomy was performe 
systemic vessels were identified: two arising 
from the thoracic aorta 
region and one from the abdominal aorta 
entered through the diaphragm into the 

of the lung. No pulmonary veins, fibri 
strands, or cord connected the | 
the left atrium. 


entered 


HISTOLOGY 
We examined serial sections made of t 
various levels of the formalin fixed, uninfl 
right lung. Systemic elastic arteries entered 
the right lung, two in the hilar region and 

on the diaphragmatic surface of thi 
These vessels ended in a plexus of capillari 
close to the airways and acini. The pulmona: 
arteries also anastomosed with this 
The muscular pulmonary arteries, predomi- 
nantly in the lower lobe, showed changi 
Heath and Edwards classification types I and 
II. An occasional artery showed 
lesions and venous-like dilatations 
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Figure 2 A histological section of the right lung: ( A) from the hilar region of the 
right lung showing no pulmonary veins and ( B ) from the peripheral area of the rigi 
lung showing that the bronchus and the artery had no accompanying bronchial 
pulmonary veins. RPA, right pulmonary artery; SA, small artery 
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no right pulmonary vein. We found no pul- 


monary or bronchial veins accompanying the 
pulmonary arteries and airways (fig 2). The 
airways and acini seemed to be normal except 
for occasional foci of early emphysematous 
lesions. We also found irregularly distributed, 
mild septal, interstitial, and pleural fibrosis. 


Discussion 
There are 17 case reports of systemic to pul- 
monary artery anastomosis; in most a right 


' internal mammary to pulmonary artery fistula 


affected either a lobe or a segment of a lobe.** 
These fistulas were mostly congenital. How- 
ever, systemic to pulmonary artery fistulas 
secondary to trauma, *? inflammation,’ or neo- 
plasms!? have also been described. However, 
in all these patients, venous drainage of the 
affected lobe was normal; whereas in our 
patient we found neither an intrapulmonary 
nor extrapulmonary venous system of the 
right lung by angiography or histology. 

The venous system of the lungs develops 
from two different sources." Initially, the 
splanchnic plexus arising from the foregut 
provides the venous drainage into the sys- 
temic veins for the developing pulmonary 
capillaries. Later, with the development of the 
common pulmonary vein and absorption of 
the systemic venous connection, pulmonary 
venous drainage is established into the left 
atrium. We speculate that in early stages of 
development the failure of the splanchnic sys- 
tem to connect with the developing pulmon- 
ary capillaries of the right lung mesenchyma 
resulted in the persistence of the anastomosis 
between the intersegmental and pulmonary 
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arteries. Postnatally this anastomosis led to a 
systemic to pulmonary artery shunt. The 


‘absence of pulmonary veins in the lung. has 


not been reported before. 

Non-invasive investigations in this child 
did-not ‘show the true nature of.the abnor- 
mality, whereas cineangiography and cardiac 
catheterisation did. We recommend cine- 
angiography and cardiac catheterisation in 
patients with suspected pulmonary vascular 
malformations. 


We thank Dr F Rank, Department of Pathology and 
S er Balasundaram, FRCS, Department of 

iovascular Surgery, King Faisal Specialist Hospital and 
Research Centre, for their help; Dr M Rabinovich, Cardio- 
vascular Pathology, Hospital for Sick Children, Toronto, 
Canada for reviewing the histological sections; and Dr F 
Kutuyhl for guidance. 
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Recommendations for pacemaker prescription for 


symptomatic bradycardia 


Report of a working party of the British Pacing and Electrophysiology Group 


After the first permanent pacemaker implanta- 
tion in 1958, the initial developments in 
pacemaker technology were aimed towards 
more efficient pacemaker performance. The 
standard mode of pacing in these early years 
was single chamber ventricular stimulation 
and this became established as effective life- 
saving therapy. Over the past 10 years, 
however, there has been a wealth of different 
features incorporated into pacemaker design, 
including programmability, telemetry, and 
different modes" of pacing. ^? 

The British Pacing and Electrophysiology 
Group (BPEG) was formed as a specialist 
subgroup of the Briush Cardiac Society in 
1976 and consists of cardiologists, technicians, 
and representatives from the pacemaker manu- 
facturing industry. BPEG is organised for the 
purposes of scientific communication, 
research, and education specifically related to 
cardiac pacing and electrophysiology. The 
group organises an active scientific and 
educational programme and has more than 
200 members. 

A working party was formed by BPEG to 
establish guidelines for the use of the different 
modes of cardiac pacing. The nomenclature 
for pacemaker modes accepted for inter- 
national use is that produced by a combined 
working party of the North American Society 
of Pacing and Electrophysiology (NASPE) 
and the British Pacing and Electrophysiology 
Group (BPEG) known as the NBG (NASPE/ 
BPEG generic) code.’ This is a code of five 
letters of which the first three are most often 
used (table 1). In addition, a fourth letter R is 
used if adaptive rate pacing is programmed. 
In adaptive rate (or rate responsive) pacing 
there is an additional sensor in the pacemaker 
system that detects a physiological or semi- 
physiological result of exercise or emotion and 
increases the pacemaker rate on the basis of a 
programmable algorithm. Sensors that are 
presently successfully used in pacemakers 
include activity,® respiratory rate? and minute 
ventilation,” right ventricular pressure (dP/ 
dt), central venous temperature," evoked 
QT interval? and oxygen saturation.” 
Whatever the sensor effective adaptive rate 
pacing can be used independently of atrial 
activity. Recently, activity sensing has been 
combined with dual chamber pacing. 

'The NBG code also uses a fifth letter relat- 
ing to antitachycardia function which is not 


Table 1 NBG pacemaker code 


FIRST letter signifies the chamber(s) of the heart being 
PACED 


A (atrium) 
V (ventricle) 
D (atrium and ventricle) 


SECOND letter indicates the chamber(s) being SENSED 
A (atrium) 
V (ventricle) 
D (atrium and ventricle) 


THIRD letter indicates the MODE of sensing 
I (anhibited) 
T (triggered) 
D (nhibited and tnggered) 


discussed in this document. Each of the pac- 
ing modes under discussion is described in the 
Appendix. 


AHA/ACC Guidelines 

Over the past 30 years the clinical indications 
for pacing have increased to include a large 
number of different cardiac arrhythmias. To 
clarify the situation a combined working 
group of the American Heart Association and 
the American College of Cardiology has publ- 
ished guidelines on the indications for pac- 
ing.’* There are three main classes of patients, 
which may be summarised as follows: 

Class 1—Conditions in which there is gen- 
eral agreement that permanent pacemakers 
should be implanted. This includes syncopal 
patients with complete heart block or pro- 
longed sinus arrest. 

Class II—Conditions in which permanent 
pacemakers are frequently used but there 1s 
some divergence of opinion about whether 
they are needed. Included within this group 
are the sick sinus syndrome patients without 
syncope but with other symptoms and also 
patients with symptomatic incomplete 
atrioventricular block. Asymptomatic com- 
plete heart block is also in this category. 

Class Ill—Conditions in which there is 
general agreement that pacemakers are not 
necessary. This includes asymptomatic 
patients with sinus node disease or first or 
second degree atrioventricular block and 
patients with unexplained syncope without 
obvious cardiac arrhythmia. 


BPEG Guidelines 
The AHA/ACC 


recommendations have 
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provided a logical foundation to guide 
physicians considering cardiac pacing as a 
treatment for their patients. There are, 
however, some areas where published data 
indicate that pacing should be more widely 
used as a first-line therapy. 

Carotid sinus syndrome” and, more 
recently, malignant vasovagal syncope'^ would 
now qualify as firm indications for pacemaker 
implantation when appropriate investigation 
shows a major cardioinhibitory effect." Fur- 
thermore, untreated persistent second degree 
atrioventricular block, even in asymptomatic 
patients, has been shown to be associated with 
a reduced expectation of life. In this group of 
patients prophylactic pacing restores life 
expectation to normal.^ The Wenckebach 
phenomenon can occur during sleep in normal 
individuals with high vagal tone and these 
people do not need to be considered for treat- 
ment. However, those asymptomatic patients 
with either Wenckebach or Mobitz II second 
degree atrioventricular block occurring during 
much of the day and night would qualify for 
pacemaker implantation," as would patients 
with asymptomatic complete heart block. 
With these modifications, the AHA/ACC 
guidelines can be used both as a clinical aid 
and a basis for medical audit of the indications 
for pacemaker implantation. However, recom- 
mendations about the choice of pacemaker 
prescription are limited. 


Choice of pacemaker mode 

When the choice of pacemaker mode for an 
individual patient is considered, the ideal is 
production of a paced cardiac rhythm with as 
many features of normal sinus rhythm as 
possible (table 2). The guidelines proposed in 
this paper are based on an attempt to allow the 
pacemaker response to behave as 
physiologically as possible. This includes res- 
toration of atrioventricular synchrony and/or 
rate adaptive pacing wherever needed. To 
achieve this ideal, detailed information of the 
underlying cardiac rhythm should be obtained 
before or during pacemaker implantation. The 
following features should be considered. 


ATRIOVENTRICULAR SYNCHRONY 

Pacemaker systems that maintain atrioven- 
tricular synchrony with a physiological 
atrioventricular interval have been shown to 
increase cardiac output both at rest and on 
exercise in patients with normal and impaired 
left ventricular function.” Even in the absence 
of an exercise induced rate response, atrioven- 
tricular synchrony reduces the number of 
minor symptoms (dizziness, lethargy) that are 
associated particularly with sinus node dis- 
ease.” 


Table2 General principles of pacemaker choice 





(1) The ventricle should be paced if there is actual or 
threatened atrioventricular block. 

(2) The atrium should be paced/sensed unless 
contraindicated. 

(3) Rate response 15 not essential if the patient 13 inactive or 
has a normal chronotropic response. 

(4) Rate hysteresis may be valuable 1f the bradycardia 1s 
intermittent, 





RATE MODULATION 

Adaptive rate (or rate responsive) pacing sig- 
nificantly increases cardiac output on exercise 
in patients with atrioventricular block? and 
sinus node disease.” Patients treated with rate 
responsive pacemakers achieve higher work- 
loads and greater exercise tolerances.* ? 


ATRIAL PACING 

Evidence is accumulating of a considerable 
reduction in the high spontaneous incidence of 
the development of atrial fibrillation? and of 
systemic emboli” ? in patients with sinus node 
disease treated by a pacing system that main- 
tains atrioventricular synchrony. 


LEFT VENTRICULAR PERFORMANCE 

Spontaneous (normal) ventricular contraction 
may allow better ventricular function than a 
paced ventricular beat. Typically, the ven- 
tricular pacing lead is inserted into the right 
ventricle and delivery of the pacing stimulus at 
this site results in the equivalent of left bundle 
branch block. This causes measurable impair- 
ment of left ventricular contraction which may 
be of haemodynamic relevance in both normal? 
and compromised left ventricles.” 


RATE HYSTERESIS 

Hysteresis is a programmed feature whereby 
the pacemaker paces at a faster rate than the 
sensing rate. For example, pacing at 80 pulses a 
minute with a hysteresis rate of 55 means that 
the pacemaker will be inhibited at all rates 
down to 55 beats per minute. Having been 
activated at a rate below 55, the pacemaker then 
switches on and paces at 80 pulses a minute. 
Unless careful record is made in the patient's 
notes that hysteresis has been programmed, 
pacemaker malfunction could be incorrectly 
inferred. 


ATRIAL ARRHYTHMIAS 

The presence of atrial activity other than 
chronic or frequently repetitive atrial flutter or 
fibrillation generally requires an atrial 
pacemaker electrode. Paroxysmal atrial arr- 
hythmias are not a contraindication to atrial 
pacing” or sensing in most cases, because atrial 
pacing may stabilise the atrial rhythm"; in 
others concomitant drug treatment may be 
beneficial. In those patients with atrial 
bradycardia and intact atrioventricular con- 
duction, a single chamber atrial pacemaker can 
be considered to be the treatment of choice.” 
However, the presence of minor abnormalities 
of atrioventricular conduction—for example 
first degree atrioventricular block (PR interval 
prolongation) or bundle branch disease with 
normal atrioventricular conduction generally 
suggests a need for placement of a ventricular 
lead in patients with symptomatic sinoatrial 
disorders.” ? 


TYPES OF ARRHYTHMIAS REQUIRING PACING 

Table 3 shows the percentage occurrence of 
arrhythmias in a typical population of patients 
with bradycardia requiring pacing.” For the 
purposes of table 3, sinus node disease includes 
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Table3 Percentage incidence of various 
bradyarrhythmmas in a typical pacemaker population 
<== HE 


Arrhytioma 96 
Sinus node disease 25 
AV block 42 
Sinus node disease -- AV block 10 
Atria! fibrillation + AV block 13 
Carond and vasovagal syndromes 10 


AV, atrioventricular 


sinus bradycardia, sinus arrest, sinoatrial 
block, and the tachycardia-bradycardia syn- 
dome, but does not include atrial bradyarr- 
hythmias associated with carotid sinus syn- 
drome or malignant vasovagal syndrome. 


CAROTID SINUS AND MALIGNANT VASOVAGAL 
SYNDROMES 
Carotid sinus syndrome can be diagnosed in a 
patient with syncope by the presence of a 
positive carotid sinus massage test. The 
development of either a period of asystole in 
excess of three seconds, or the appearance of 
atrioventricular block, during five.to six 
seconds of firm carotid sinus massage (not 
compression) is regarded as diagnostic." The 
test should not be performed in patients with 
carotid artery bruits or documented stenosis, 
after recent myocardial infarction, or if the 
patient is digitalised. Variations of carotid 
sinus syndrome include micturition syncope,” 
cough syncope,” and deglutition syncope.” 
Malignant vasovagal syncope can be demon- 
strated by performing a 60° head-up tilt 
test. Syncope associated with bradycardia 
or hypotension or both occurs within 40 
minutes.’° 

In patients with carotid sinus and malignant 
vasovagal syndromes there are two components 
to the  syncope—bradycardia — (cardio- 
inhibition) and peripheral and splanchnic 
vasodilation (vasodepression). In patients with 
a pronounced vasodepressor effect, pacing is 
less successful than in patients with a dominant 
cardioinhibitory effect.” If patients are suitable 


Table4 Recommended pacemaker modes 


Diagnosis Opttmal Alternative Inappropriate 
SND AAIR AAI VVI 
VDD 
AVB DDD VDD AAI 
DDI 
SND and AVB DDDR DDD AAI 
DDIR DDI VVI 
Chronic AF VVIR VVI AAI 
with AVB DDD 
VDD 
CSS DDI DDD AAI 
VVI* VDD 
MVVS DDI DDD AAI 
VVIT 
VDD 


The optimal mode of pacing should be considered for most 
patients. The alternative mode should be regarded as being 
less satisfactory, but acceptable in some groups of pauents— 
for example those who are disabled by another disease, those 
with very intermittent symptoms, or those who have a short 
life set gered because of another disease. When a patent 
with, for example, a previous hemiplegia or with terminal 
neoplasia has atrioventricular block, VVI may suffice to reduce 
symptoms, 

*If VVI is ever chosen for. the management of carotid sinus 
ed rate hysteresis is recommended * Patient selection 

uld follow the guidelines suggested by Brignole ez al.” 

+See reference.” 

AVB, atrioventricular block; AF, atrial fibrillation or flutter, 
MVVS, malignant syndrome, SND, sinoatrial node 
disease; CSS, carotid sinus syndrome. 
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for pacing the mode of choice for carotid sinus 
syndrome and malignant vasovagal syndrome 
is DDI,” frequently with hysteresis as an 
added feature.” 


ATRIAL TRACKING PACING SYSTEMS 
It is recognised that the pacing system known 
universally as DDD behaves for most of the 
time as a VDD system. The only difference is 
the behaviour at the lower programmed rate, 
where the DDD paces into the atrium and the 
VDD has a back-up VVI mode. For the patient 
with bradycardia that is slower than the lower 
programmed rate, this may have significant 
disadvantages including pacemaker syndrome. 
In sinus node disease the potential benefit of 
pacing the atria is not available in VDD mode. 
Table 4 shows the recommended modes, 
based on these principles, for patients with 
all varieties of bradyarrhythmias requiring 
pacing. 


Complications of inappropriate mode 
selection 

Inappropriate pacemaker modes (table 4) 
should be avoided to prevent the following 
complications: 

(a) Pacemaker syndrome,“ which is caused 
either by retrograde conduction from the ven- 
tricle to the atrium or by lack of synchronous 
atrioventricular activity that results in loss of 
atrial transport function. Pacemaker syndrome 
may cause symptoms of syncope or pre-syn- 
cope as a result of retrograde conduction.” 
Dyspnoea may occur where there is high pul- 
monary venous pressure and low cardiac out- 
put and associated mitral regurgitation 
(demonstrable by Doppler echocardiography) 
caused by a lack of atrioventricular syn- 
chrony.” Neck pulsation may be seen when 
retrograde atrioventricular conduction causes 
tricuspid regurgitation or right atrial contrac- 
tion against a closed tricuspid valve. The true 
incidence of pacemaker syndrome is not well 
defined but it is thought that 10% of patients 
paced VVI have quite severe symptoms and 
another 15% have a reduced quality of life as a 
result.* All these symptoms can be relieved by 
a more appropriate pacing mode. 

(b) Inappropriate atrial tracking of atrial 
tachyarrhythmias by a DDD or VDD system.” 
Atrial tachycardia, flutter, or fibrillation 
produce an electrogram which can be easily 
detected by the atrial sensing amplifier of the 
pacemaker, which will then track this rhythm 
at its upper pacing rate. Newer dual chamber 
rate adaptive systems incorporate algorithms 
that prevent or minimise inappropriate ven- 
tricular pacing in response to atrial fibrillation. 

(c) Additional atrioventricular block in a 
patient with sinus node dysfunction may not be 
easily detected initially.“ Normal 1:1 atrioven- 
tricular conduction at atrial pacing at rates of 
140 usually indicates adequate atrioventricular 
nodal function. The appearance of the atrio- 
ventricular Wenckebach block at slower rates 
may be considered indicative of important 
impairment of atrioventricular node conduc- 
tion which warrants placement of a ventricular 
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lead. There may be other evidence of 
inadequate atrioventricular conduction from 
Holter monitoring, exercise stress testing, or 
His bundle electrography. 

(d) Lack of physiological heart rate response 
on exercise. Unrecognised sinus node dysfunc- 
tion in a patient with atrioventricular block 
would result in inadequate performance of an 
atrial tracking (DDD) pacemaker. In addition, 
there are some patients with sinus node disease 
treated by atrial rate modulated pacing systems 
who may develop abnormal atrioventricular 
conduction on exercise? resulting in an 
unusual variety of pacemaker syndrome. 


Additional guidelines 

The following additional guidelines are-recom- 
mended to enable accurate assessment of a 
patient requiring pacemaker implantation: 

(a) In selected patients atrioventricular con- 
duction should be assessed by Holter, carotid 
sinus massage, and atrial pacing to assess the 
atrioventricular Wenckebach point at the time 
of implant if atrial pacing (AAI) is being 
considered. 

(b) Retrograde atrioventricular conduction 
should be assessed by ventricular pacing if VVI 
or VVIR pacing is considered. Head-up tilting 
during ventricular pacing may reveal latent 
symptoms. 

(c) If VDD or DDD pacing is being con- 
sidered in active patients the chronotropic 
response of the sinus node should be assessed 
by Holter or exercise testing. If the response is 
inadequate an appropriate sensor driven sys- 
tem may be needed. 


Consequences of increased use of dual 
chamber and rate responsive pacing 

COST 

A VVIR unit costs about 40-50% more and a 
dual chamber unit costs 40-100% more than a 
multiprogrammable single chamber pace- 
maker. In addition, a dual chamber system 
requires two pacing leads which further 
increase the cost. Rate-responsive pacing sys- 
tems have a shorter battery lifetime than non- 
rate responsive modes because of their overall 
faster pacing rate and the inherent current 
drain of the sensor. 

However, pacing is cost effective in terms of 
relief of symptoms, prolongation of life, and 
improvement of the quality of life. 15 
Patients with pacemakers rarely need to be 
readmitted to hospital because of problems. So 
a tailored pacemaker prescription that follows 
the guidelines in this report will offer good value 
for money. 


FOLLOW UP 

Patient follow up with VVIR and dual chamber 
systems is initially more complex and time 
consuming. Additional programming is neces- 
sary together with Holter taping and exercise 
testing where required. Support staff need to 
be trained. When the pacing system has been 
"fine tuned" to the individual patient's 
requirements, however, subsequent follow up 
is less time consuming. 


COMPLICATIONS 

Complex pacing systems are more susceptible 
to problems. Dual chamber systems require 
two endocardial leads and lead related com- 
plications are therefore slightly increased.” 
Inappropriate programming may also give rise 
to difficulties. A badly programmed sensor may 
give excessive or inadequate rate responses. It 
is possible to select an inappropriate sensor 
system for an individual patient—for example, 
an activity sensor in a bedbound patient or a 
minute-ventilation sensor in a patient with 
chronic lung disease are as inappropriate as a 
DDD system would be in a patient with atrial 
flutter. 


Which hospitals should implant and 
follow up pacemakers? 

Over recent years, it has been the policy of 
some regional health authorities to encourage 
pacemaker implantation in district general hos- 
pitals. This is acceptable but it demands at least 
one cardiologist fully trained in the complex 
disciplines of dual chamber pacing and follow 
up, together with at least one similarly trained 
physiological measurement technician. Hosp- 
itals with only one cardiologist would need to 
make arrangements with similarly trained staff 
in a neighbouring district to cover periods of 
absence. 


Choice of pacing system 

When choosing a pacemaker system for a 
patient, a physician usually adopts one of three 
policies: 

(a) A basic VVI system for everyone, 
irrespective of need, symptoms, or electro- 
cardiographic findings. This policy is clearly 
inappropriate. 

(b) Theroutine use of the most sophisticated 
dual chamber rate adaptive pacemaker 
(DDDR) for every patient, programmed to 
match the patients’ needs. This is medically 
acceptable, but inappropriate on grounds of 
cost. 

(c) A device that is carefully prescribed 
according to the guidelines in this report. This 
again is medically sound, but this policy 
requires thorough assessment of the patient 
before pacemaker implantation and meticulous 
follow up. 

This working party of BPEG recommends 
that selection of the appropriate pacemaker 
mode should follow the basic principles and 
guidelines discussed above. This will require a 
fairly radical change of practice in some 
pacemaker centres in the United Kingdom and 
additional funding for the more complex 
pacemaker systems and their subsequent 
follow up. 
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Appendix 


Clarke, Sutton, Ward, Camm, Rickards, Ingram, Perrins, Charles, Jones, Gobbe 


Summary of commonly used pacemaker modes 


AAI—Single chamber atrial pacing 


Indications: 


Contraindications: 


Advantages: 


Disadvantages: 


—Sinoatrial node disease without atrioven- 
tricular block and without failure to increase 
rate on exercise. 

—Atrioventricular block 

—Persistent atrial tachyarrhythmias. 

—Carotid sinus and vasovagal syndromes. 


—Sinoatrial node disease with failure to 
increase rate on exercise. 


—Simple system using standard single atrial 
lead and standard multiprogrammable sin- 
gle chamber pacemaker. 

—Atrioventricular synchrony maintained. 


—No rate response on exercise. 


—No protection against atrioventricular block. 


AAIR-—Single chamber atrial pacing with rate response 


Indications: 


Contraindications: 


Advantages 


Disadvantages: 


—Sinoatrial node disease without atrioven- 
tricular block with failure to increase rate on 
exercise 


—As for AAI mode 


—Single atrial lead with standard pacemaker 
programmed to AAI mode with an 
additional rate adaptive sensor. 


—Atnoventricular synchrony maintained. 
—No protection against atrioventricular block. 


—Atrioventricular block not present at rest 
may develop at faster pacing rates due to 
mismatch between sensor determined pac- 
ing rate and autonomic nervous system 
influences on the atrioventricular node. 


—Inappropriately long atriovenmicular con- 
duction times on exercise may result in 
pacemaker syndrome.” 


—Some rate adaptive sensor systems require a 
special pacemaker lead. 


VVI—Single chamber ventricular pacing 


Indications: 


Contraindications: 


Advantages: 


Disadvantages: 


— trial fibrillation/flutter with atrioventricular 
block or slow ventricular response. 


(a) Sick sinus syndrome 
(b) Carotid sinus syndrome. 
(c) Vasovagal syncope. 


—Single ventricular lead with standard 
pacemaker. 


—When used in the presence of normal atrial 
activity pacemaker syndrome 1s commonly 
caused by retrograde atrioventricular con- 
duction. 


—Loss of atrial synchrony may cause symp- 
toms when used ın the presence of normal 
atrial activity. 


VVIR—Single chamber ventricular pacing with rate response 
Indications: —As for VVI mode. 
Contraindications: —As for V¥imode. 

Advantages: ~—<Rate response on exercise. 


Disadvantages: —Pacemaker syndrome due to retrograde 
atrioventricular conduction. 


-—Loss of atrioventricular synchrony. 


—Some rate adaptive sensor systems require a 
special pacemaker lead. 


DDI—Dual chamber pacing without atrial tracking 
Indications: —Sick sinus syndrome. 
—Carond sinus syndrome. 
—Vasovagal syncope 
Contraindications: —TIsolated atrioventricular block 
-~Persistent atrial tachyarrhythmias. 
Advantages: — Maintenance of atrioventricular synchrony. 


——Protection from co-existent atrioventricular _ 
block. 


—No pacemaker mediated tachycardias.” 
—No tracking of atrial tachyarrhythmias. 
Disadvantages: —-No rate response. : 
— T wo pacemaker leads required. 
—Problems with retrograde atrioventricular 


block conduction not completely elimun- 
ated.” 


DDIR—Dual chamber pacing without atrial tracking, but with a rate 
adaptive sensor facility 


Indications: —Sick sinus syndrome. 
Contraindications: —Isolated atrioventricular block. 

—Persistent atrial tachyarrhythmias. 

— Rate responsiveness not necessary in carotid 
sinus and vasovagal syndromes as this func- 
tion is maintamed naturally in these 
patients. 

Advantages: — Maintenance of atrioventricular synchrony. 

—Rate response on exercise. 

—No pacemaker mediated tachycardia. 

—No tracking of atrial tachyarrhythmias. 

Disadvantages: —T[ wo pacemaker leads required. 


—Problems with retrograde atrioventricular 
conduction not completely eliminated.” 


Recommendations for pacemaker prescription for symptomatic bradycardia 


DDD—Dual chamber pacing with rate response due to atrial tracking 


Indications: —~Atrioventricular block with normal sinus 
node function. 


Contraindications: —-Persistent atrial tachyarrhythmias. 
Advantages: —Restoration of atrioventricular synchrony. 
—Rate response on exercise. 


Disadvantages: Complex pacemaker requiring sophisticated 
followup. 


—[ wo pacing leads required. 


—~Pacemaker mediated tachycardia may occur 
if retrograde P wave falls outside the atrial 
refractory period.” ** 


—hNo rate response 1f sinoatrial node rate does 
not increase on exercise. 


—Prolongauon of atrial refractory period to 
prevent pacemaker mediated tachycardia 
results in lowering of the maximum attaina- 
ble tracking rate and a rare possibility of 
pacemaker syndrome owing to retrograde 
atrioventricular conduction.” 


Behaviour of the pacemaker at the maximum 
tracking rate may be physiologically inept— 
for example, sudden development of 2:1 at 
atrioventricülar block. 


Many of these disadvantages can be overcome by 
careful programming of the pacemaker.” 


VDD-—Ventricular pacing responding to atrial tracking 


Indications: —As for DDD 
Contraindications: -AS for DDD. 
Advantages: —As for DDD 


Advantages—cont 


Disadvantages: 
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—Single pass atrioventricular lead may be 
used which is adequate for sensing P 
waves but cannot pace the atria. 


—As for DDD. 

—Pacemaker behaves as VVI system at 
lower tracking rates, increasing the 
chancesof .. 


—Pacemaker syndrome and pacemaker 
mediated tachycardia. 


DDDR—Dual chamber pacing with atrial tracking and additional rate 


adaptive sensor 


Indications: 


Contraindications: 


Advantages: 


Disadvantages: 


—Atrioventricular block 

—Sick sinus syndrome, especially if the 
sinoatrial node fails to increase its rate 
on exercise. 

—Persistent atrial tachyarrhythmias 

—Maintenance of atrial synchrony 

—Atrial tracking when feasible. 

—Additional rate adaptive facility. 

—Complex programming and follow up. 


—Two pacing leads required. 


General considerations in rate adaptive sensor driven systems 


Advantages: 


Rate response on exercise independent of sinus node activity. 


Disadvantages: 


Sensor may require a special pacemaker lead. 
Some sensor systems are based on less physiological measurements 


than others. 


Sensor may be inappropriate in an individual patient (for example 
activity sensor in a bedbound patient; minute volume sensor in a 
patient with chronic lung disease). 
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-Cardiologists support the concept of preven- 
tion of coronary disease, but few are enthu- 
silastic or even active in the field. The British 
Heart Foundation symposium on Progress ın 
the Prevention of Coronary Disease held in 
Edinburgh at the end of May had an excellent 
programme that attracted fewer participants 
than might have been expected: these in- 
cluded only one or two consultant cardio- 
logists who were not themselves speakers 
Fortunately, other disciplines were better 
represented. The reasons for the indifference 
in our specialty are complex, and to a degree 
understandable But the symposium high- 
lighted new and relevant progress—some that 
could be described as a, hot topic—in epi- 
demology, pathology, haematology, bio- 
chemustry, genetics, and clinical cardiology 
The threads that have often seemed disparate 
and disjointed are now weaving a discernible 
pattern. It is still incomplete but it will 
increasingly influence many areas of ‘good 
clinical practice. Cardiologists, though hard 
pressed by the burden of investigation and 
treatment for established disease, should no 
longer ignore it. 

We wil soon have more news -of those 
registrar posts that will form part of the 
formal training programmes in cardiology. 
They will be only a few of them for two 
related reasons. First, we will have two train- 
ing periods, equivalent to registrar and senior 
registrar, of three years each. It follows that 
we need only 60 registrars to equal the 
number of senior registrars (this includes 
paediatric cardiology) plus a small allowance 
for inevitable wastage. Few regions can 
expect more than one registrar appointment 
per year, and some of his or her time may well 
be spent in regional centres. Secondly, the 
Joint Planning Advisory Committee has 
made recommendations that will reduce ap- 
preciably the total number of career registrars 
irrespective of any training programmes: car- 
diology cannot be divorced from this process 
which 1s based on consultant opportunities. 
We question some of the premises and cal- 
culanons, but we cannot deny the need for 
ughter control. The four senior registrar 
posts advertised from January to May 1991 
attracted an average of 24 applicants seeking 
promotion from the registrar grade. THeir 
mean age was 34 years. Those who were 
short-listed had spent about eight years as 
registrars, and were already very well trained. 
Many had an MD. What will happen to those 
who were not appointed, or indeed to those 
who did not reach the short list? Most will 
have been enticed into our specialty by the 
prospect of exciting research. In itself this 
may be good, but who can justify the frustra- 
tion and the wasted years for the majority who 
will not achieve their goal? On the other hand, 
can the service survive the reduction in 
numbers that is now proposed? Only those 
who choose to remain totally ignorant of 
reality: can believe that the shortfall can be 
made good by additional consultant effort, at 
least until we have many new consultant 
posts. If serious disruption is to be avoided, 
we will need to adopt several strategies in- 
cluding the appointment of competent over- 
seas candidates to non-career training posts, 


perhaps the inclusion of cardiology in other 
specialist rotations, the use when possible of - 
experienced hospital practitioners or clinical 
assistants and, above all, new appointments at 
consultant grade. As well as easing the burden 
directly, the- eventual result of this last- 
measure will be an increase in numbers 
within the training grades. The system may in 
time be self adjusting, but the process will 
take decades, not years, unless we have direct 
intervention with additional funding to bring 
our staffing levels more in line with those in 
most of the developed world. 

We have special anxieties about women in 
cardiology, who face additional difficulties. 
Many need part-time training for which our 
allocation of senior registrar posts is top 
sliced, but few avail themselves of potential 
opportunities. The problem is not unique to 
cardiology—only 15% of al] consultants are 
women. However, the figure for cardiology 1s 
5%. One reason for the general difficulty in 
reaching consultant status is that the system ^ 
for part-time training 1$ poorly understood. 
We are grateful to Dr Angela Jones of the 
North West Thames Regional Health Auth- 
ority for explaining the process. The scheme 
was set up in 1979 partly with the aum of 
providing posts for women doctors who wish 
to complete, their training or work part-time 
while they raise their families. The posts are 
established on a personal basis and cease 
when the incumbent leaves the post. Senior 
registrars are funded from the regional health 
authority budget, but there is no.obligation 
on the authority to do so. Our allocation of 
two whole-time equivalents should allow four 
individuals to benefit at any one time from 
part-time training, and we know from a 
survey we conducted a year ago that most 
centres would offer facilities if funding were 
on a supernumerary basis. The scheme is 
advertised annually in the journals, usually in 
the autumn. Applicants are considered by a 
National Ássessment Committee, and suc- 
cessful applicants will be given -manpower 
approval for nine months. During this time 
they must arrange educational approval 
which should be available after the supervis- 
ing consultant has sent a training programme 
to the relevant Royal College. Funding is the 
next requirement in the complex process, but 
most will feel it prudent to liaise with their 
regional authority from the outset. Finally, 
the applicant must be interviewed by a modi- 
fied appointments committee to demonstrate 
that she (or he) is of a similar calibre as a full- 
ume applicant. A similar plan is also available 
at registrar grade, and at present this can be 
funded by the Department of Health. We are 
anxious that women who have embarked on a 
career in cardiology should use these facilities 
rather than abandon all hope of achieving 
their goal because of domestic pressures, Our 
postgraduate. advisor will help those who are 
uncertain of how best to proceed, but trainees 
who wish to follow the part-ume path may 
also wish to consult Jane Flint who is on our 
manpower committee with a special remit to 
help junior colleagues through the maze des- 
cribed above. We have written to all regional 
directors of public health and all postgraduate 
deans (in England) to point out the special 
problems that have to be faced by part-tune 
trainees ın cardiology, and the nnpracticality 
of posts depending on ume shares. We hope 
that sympatheuc help will be available even in 
this time of severe financial constraint. 

Our Postgraduate Advisor, Howard 
Swanton, had drawn attention to the difficul- 
ties. experienced by trainees in funding 
research posts, and has written a letter that 
forms the basis of what follows. We will try in 
future Newsletters to provide reminders of 
deadlines for grant applications. But please 
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do not rely on us, we promise only to try! The 
information will be directed primarily at 
registrars who have not had research - ex- 
perience and who are seeking their first grant 
ina very competitive field. Hopeful applicants 
should obtain application forms and confirm 
closing dates by contacting the relevant 
research fund office at the addresses shown. 
All research projects must be approved by the 
local ethical committee if human subjects are 
involved. 

The British Heart Foundation, 14 Fitz- 
hardinge Street, London WIH 4DH (Tel: 
071 935 0185; Fax: 071 486 1273). A booklet 
giving information on research awards can be 
obtained from Miss Valerie Mason, Research 
Fund Manager. She will be happy. to give 
advice. on the type of grant that might be 
appropriate. With the exception of Overseas 
Visiting Fellowships, applicants must be 


- British citizens or have been resident in the 


United Kingdom for a minimum of three 
years. The fellowships committee meets 
quarterly to consider applications. Junior 
Research Fellowships are applicable to car- 
diologists who want to undertake one or two 
years research under direct supervision of a 
serior research worker The grantis for salary 
plus minor expenses. 'The head of the depart- 
ment must approve the application and state 
that funding for the research itself is already 
available. Intermediate Research Fellowships 
are offered for three years in the first instance; 
Applicants must have had research exper- 
ience to qualify. For both types of fellowship, 
10 copies of the research protocol are re- 
quired together with a curriculum vitae. The 
closing date is 29 August for a meeting in 
October. 

The Wellcome Trust, 1 Park Square West, 
London NWI 4L] (Tel: 071 486 4902; Fax: 
O71 487 4915). A booklet on grants and 
support for research can be obtained from the 
address above. General inquiries can be 
addressed to Ms Sandra Carpenter. A limited 
number of Medical Graduate Research 
Traming Fellowships are available for 
medical and dental graduates who should 
generally be under the age of 34. Grants are 
awarded for one, two, or occasionally three 
years. Initially applicants should submit a 
curriculum vitae, a brief 300-400 word 
document on the project, with the name of the 
supervisor, and the address where the work 
will be done. These and a completed applica- 
tion form should be sent to Dr David 
Gordon, Programme Director, at least three 
months before the work is due to start. 
Applications are considered four times a year, 
and short-listed candidates are interviewed. 

Bristol-Myers Squibb, 141-149 Staines 
Road, Hounslow, Middlesex TW3 3JA (Tel: 
081 572 7422). Application forms for Car- 
diovascular Fellowships Awards for 1992 
can be obtained from Dr C H Dash, Vice 
President of Medical Affairs, Northern 
Europe Region, at the above address. Can- 
didates should be citizens or residents of the 
United Kingdom, and should usually be at 
registrar or senior registrar level. Two awards 
are made.annually. They support a research 
fellow for up to two years. The applications 
must include two letters of recommendation 
from "individuals (usually senior cardiovas- 
cular physicians or cardiologists) familar 
with the applicant's work. Previous exper- 
lence 1$ not essential. Short-listed candidates 
are interviewed, The closing date for applica- 
tions 18 31 October Awards are announced in 
January 1992 to start in July 1992. 
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A selection of American College of 


W: are pleased to announce that books published by the 
A C p American College of Physicians are now available from 
the BM7, with the exception of North America and Mexico. 


Common Diagnostic Tests: Use and Interpretation — second edition 
EDITED BY HAROLD C SOX, JR, MD, FACP 


This second edition contains revised and updated chapters and completely new chapters on diagnostic reasoning, thyroid function tests, and 
glycemia tests. Among the tests covered are routine chest radiographs, blood cultures, carcinoembryonic antigen tests, and tbioat cultures and 
rapid tests for diagnosis of À streptococcal pharyngitis. 

Paperback ISBN 0 943126 15 0 400 pages 
UK £19 00/Abroad £21.00 (BMA members £17.00 or £19 00) Í 


Guide for Adult Immunization — second edition 
AMERICAN COLLEGE OF PHYSICIANS 


This guide 1s an indispensable reference for those concerned with the immunisation needs of adults and adolescents The second edition hasan 
expanded section on travel, a completely revised chapter on immunocompromised adults (including those with HIV infection), and updated 
material on the efficacy of influenza and hepautis B vaccines The guide focuses on such factors as age, occupation, lifestyle, environmental 
risk, and compromised hosts, any one of which may call for special vaccines. With tables, appendixes, and an index, pius an expanded 
bibhography, the Guide is a convenient reference for the busy practitioner. 

Approved by the American College of Physicians l 

Paperback ISBN 0 943126 12 6 190 pages 
UK £9.00/A broad £11.00 (BMA members £8.50 or £10.50) 


Providing Quality Care: The Challenge to Clinicians 
EDITED BY NORBERT GOLDFIELD, MD, DAVID B NASH, MD, MBA 


Quality assurance has become a major issue in health care Nine chapters by prominent medical experts criucally discuss case-mix and quality- 
of-care measures, information systems as quality measures, and the relationships between quality assurance programmes and malpractice 
Commentary reflecting the clinician's perspective follows each chapter 

Paperback ISBN 0 943126 11 8 250 pages 
UK £16.00/Abroad £18.50 (BMA members £15 50 or £17 50) 


Drug Prescribing in Renal Failure: Dosing Guidelines for Adults — second edition 
WILLIAM M BENNETT, GEORGE R ARONOFF, THOMAS A GOLPER, GAIL MORRISON, IRWIN SINGER, 
D CRAIG BRATER 


Biochemical and physiologic factors for determining drug dosage 1n patients with renal failure are presented ın easy to read tables Text and 
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Editorial 


Management of patients with Bjork-Shiley prosthetic valves 


There are three basic types of Bjórk-Shiley valve (figure) 
that may be encountered in British patients. The much 
publicised hazard of strut fracture is effectively confined to 
the convexo-concave valve so in advising and managing 
patients electively it is helpful to be able to identify these 
valves. To some extent the identity of the valve can be 
determined from its date of implantation, but valves can be 
distinguished with certainty by their serial numbers when 
these are available. Otherwise it should be possible to 
identify them by radiological appearances. 


Earlier valves 

The original valve with a Delrin disc was implanted in 
about 85 000 patients between 1969 and 1979.'* This was 
replaced with a pyrolitic carbon disc, known as a “spherical 
disc", that had a 60° opening angle. About 180 000 of these 
valves were implanted up to 1987. The serial numbers 
carry the prefix ABP for aortic valves and MBRP, MBUP, 
and MBP for mitral valves, where the first two initials (AB 
or MB) denote site and Bjórk design and the last initial (P) 
identifies the spherical disc pattern. (The U and R refer to 
details of the relation of the sewing ring to the annulus.) 
The two struts, which are visible radiologically, can be seen 
to overlap when the valve is imaged en face (Fig 1A). By 
1979 there were only three reports of the disc escaping, out 
of a total of 90 000 implants. These were probably related 
to damage to the struts at the time of implantation.’ Long 
term follow up in a large series was free of mechanical 
failure.’ 


The convexo-concave valve 

Between 1976 and 1986 the convexo-concave (CC) valve 
was implanted.^* In 1979 the new design was approved by 
the USA Food and Drugs Administration (FDA) It was 
introduced in an attempt to improve the flow characteristics 





Metallic component of the Bjórk-Shiley tilting disc valves. ( A) The 
spherical model with "overlapping" struts when seen en face. Strut 
fracture extremely rare. ( B) The convexo-concave valoe. These are the 
valves at risk, particularly in the mitral site. ( C) The monostrut 
Bjórk-Shiley tilting disc valve. No mechanical failures reported. 


across the valve and reduce the risk of thrombus formation. 
The new 60° convexo-concave valve was implanted m 
about 82 000 patients before being withdrawn in April 
1985 by Shiley. Case reports of strut fractures" include 
photographs of a consistent problem. The smaller strut had 
become detached from the annulus at the site of a weld and 
the disc escaped. In the meantime Shiley experimented 
with a 70? version of the same valve which unfortunately 
was even more prone to this problem. About one in eight of 
these valves was likely to fracture within seven years of 
implantation.’ It was never released in the United States 
but about 4000 were implanted elsewhere between 1980 
and 1983.’ The codes for the CC valves are ABC, MBRC, 
MBUC, and MBC; again the final letter indicates the disc 
pattern and the numbers 60 or 70 denote the opening angle. 
The struts do not overlap when the valve is seen en face 
(Fig 1B). The valves particularly at risk are the 29 mm, 
31 mm, and 33 mm mitral valves manufactured between 
February 1981 and June 1982. The overall risk of strut 
fracture is said to be 0:295% per annum." More detailed 
estimates have been made by size and postoperative year 
and are under 0-1% per annum in the low risk categories. 
These are likely to be underestimates because rapid 
deterioration or sudden death may well be attributed to 
other cardiac or non-cardiac causes and strut fracture will 
go undiagnosed. 


The monostrut valve 

The monostrut valve was designed to overcome the strut 
fracture problem and seems to have done so successfully. It 
was introduced on to the market in 1983 but has never had 
FDA approval and is not available in the United States. 
The metal ring with its retaining struts is milled from a 
single piece. It can readily be identified on a penetrated 
x ray. The serial numbers begin with the letters ABMS, 
MBMS, and MBRMS; MS denotes monostrut. 


The future 

While it is easy to be wise after the event, it is hard to draw 
any firm conclusions for the future from this experience. 
Cardiac surgery is now routine and commonplace and 
patients and their physicians have come to expect perfect 
results. But there are many things that can go wrong and 
with long life expectancy after valve replacement many 
years in which they can go wrong. The United Kingdom 
Heart Valve Registry provides a mechanism by which a 
pattern of sudden death in valve recipients can be detected 
early. Of course bench testing should be thorough before 
clinical use of a new device is contemplated and every care 
should be taken to do meticulous clinical follow up but 
because most patients who have heart valve replacements 
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are expected to survive for more than 15 years? !! sooner or 
later fair wear and tear will take its toll of mechanical 
devices performing 42 million cycles per year. The annual 
incidence of problems related to the mechanical valve itself 
is minute in comparison with the number of patients who 
die each year of endocarditis, valve thrombosis, embolism, 
anticoagulant related haemorrhage, and natural progres- 
sion of disease in the heart and elsewhere. Virtually all 
mechanical valve recipients will die with an intact 
prosthesis. Without innovation we cannot make further 
progress and yet we know that it has now become extremely 
difficult for anyone to pioneer a new valve or even a small 
modification of an old one. If “‘the industry is so punished 
by the press and professional critics that innovation is stifled 
and the risk for failure becomes too great to continue" then 
we will see no further progress in valve design. This 
situation seems to be upon us in the USA.? 

The more immediate problem is how should a clinician 
deal with patients who have these valves in place. The first 
obvious piece of advice is that in any patient with an 
artificial valve who deteriorates, first suspect the valve. If 
strut fracture has occurred the only hope is emergency re- 
operation so no time should be lost in referring the patient 
to the nearest cardiac surgical unit. Strut fracture can be 
diagnosed by screening alone. 

The commoner problem is the large number of patients 
who remain well but are afraid. First of all the valve should 
be identified by serial number and if this is not available 
screening may be justified to identify spherical and mono- 
strut valves which are not prone to this problem, so that the 
patient can be given this reassuring news without delay. 
Symptoms and clinical change must be dealt with on their 
merits but the individual can be strongly reassured about 
the theoretical risk of strut fracture in the future.? For 
patients with a convexo-concave valve, while action may 
not be justified, reassurance must be a little more guarded 
because one in 30 of those with a mitral valve that is 29 mm 
or larger is at risk of death due to strut fracture. The 
alternative of electively replacing the valve carries a far 
worse risk. The risk of death with reoperation on the mitral 
valve was nearly 16% in 206 cases operated on in United 
Kingdom units in 1989 (70% confidence interval 13% to 
19%), that is more than three times that of a first operation 
(J Cleland. United Kingdom Cardiac Surgical Register, 
personal communication). Reoperation doubles the risk in 
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aortic valve replacement from just over 4% to nearly 9% 
(70% CI 6% to 12%). Of course it could be argued that 
these figures are those for clinically indicated reoperation 
including patients with catastrophic states such as endo- 
carditis or sudden valve failure. Nevertheless, the difference 
between the risk of strut fracture and that of repeat valve 
surgery is sufficiently great that elective replacement of 
these valves for fear alone is unjustifiable. 

And what is the legal position? Shiley have publicly 
indicated their willingness to meet claims from patients 
who have experienced strut fractures and they have settled 
directly to avoid protracted legal cases. Whether this is a 
generous and humane gesture or an economically sound 
strategy is open to interpretation but we all know that the 
law is a slow and bitter way of gaining compensation for 
medical injury. On the other hand Shiley will “vigorously 
defend” anxiety claims and believe that a “functioning 
valve is no basis for a claim". 


I thank Mr J] Cleland for supplying figures from the United Kingdom Cardiac 
Surgical Register and Mr Philip Ayers of Shiley for providing illustrations and 


technical data. 
TOM TREASURE 
St George's Hospital, 
Blackshaw Road, 
London SW17 0QT 
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Editorial 


Heart valve surgery in the United Kingdom: present practice 


and future trends 


The surgery of heart valve disease raises many questions. 
Should we conserve or replace the diseased valve? What 
should the replacement valve be—a homograft, a biopros- 
- thetic valve, or a mechanical valve? Isn't valve disease 
becoming less common anyway? 

Test reports, clinical comparisons, and longitudinal 
follow up studies, particularly those focusing on the very 
latest artificial heart valve are reminiscent of car tests in 
motoring magazines—with the latest model, incorporating 
state of the art technology, giving superior performance 
(under manufacturer's test conditions). . . and costing just 
that bit more. This plethora of scientific advice about which 
valve to choose can be confusing and individual reports are 
not necessarily widely representative or capable of 
extrapolation. 

Comprehensive information on the pattern of operations 
for heart valve replacement has been available on a national 
basis in the United Kingdom since 1986, when the United 
Kingdom Heart Valve Registry was established. This 
registry, funded by the Department of Health, receives 
data from all National Health Service cardiac surgical units 
in the United Kingdom and provides unique information 
on the changes in patient numbers, on demographics data, 
and on the preferred types of artificial valves currently 
being implanted by cardiac surgeons in the United King- 
dom. 

Although the national registry cannot yet be expected to 
answer the vexed question, “what artificial heart valve 
should we use?", it already provides answers to other 
questions. 


What number of heart valve replacement 
operations are carried out in the United Kingdom? 
About 5000 artificial valves are implanted each year in the 
United Kingdom, in just over 4500 patients. These totals 
remained remarkably stable in the period 1986—89 (table 1). 
They are similar to those reported in the United Kingdom 
Cardiac Surgical Register—4791—4873 heart valve opera- 


Table 1 Number of patients and heart valve implants in United 
Kingdom 1986-89 


Year Patients Valwes 
1986 4665 5217 
1987 4525 5087 
1988 4706 5204 
1989 4569 5058 





Table 2 Heart valve implants by type and position in 1986—89 








Year Single Double Triple Aortic Mural Tricuspid 
1986 4216 490 7 2817 2353 47 
1987 4104 475 Il 2779 2258 50 
1988 4216 482 8 2859 2287 58 
1989 4101 458 12 2934 2086 38 





tions per year in the years 1977—1980 (J Cleland, personal 
communication). This remarkable consistency in numbers 
of valve operations in the United Kingdom contrasts with 
the considerable increase in coronary graft operations over 
the same time period. In the late 1970s fewer than 4000 
coronary graft operations were carried out each year. By 
1985 the annual figure had risen to over 12000 operations. 

Single valve replacement procedures account for around 
90% of all valve operations. Ten per cent are double valve 
replacements, and triple valve replacement operations are 
rare, accounting for less than 0-2% of all valve procedures. 
As with total numbers ofimplants, these figures have shown 
remarkably little change over the past few years (table 2). 

Aortic valve replacement is now the commonest 
procedure: it accounts for around 60% of procedures. 
Mitral valve replacements account for almost 40%, and 
only around 196 of valve replacements are tricuspid 
replacements. 

These data suggest that the expected overall reduction in 
valve surgery numbers as rheumatic valve disease became 
less common has not in fact happened. A reduction in 
rheumatic abnormalities has presumably been balanced by 
an increase in valve replacement procedures for degen- 
erative valve disease. This could also explain the increasing 
proportion of aortic over mitral replacements over the past 
five years. (aortic 54%—59%, mitral 459—409). 


What artificial valves do we use? 
This has changed considerably over the past four or five 
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Figure 1 Percentage use of biological and mechamcal heart valve 
prostheses in the United Kingdom (1986-89) (data from Umted 
Kingdom Heart Valve Registry) 
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Figure 2. Percentage use of main types of mechanical heart valve 
prostheses in the United Kingdom (1986-89) (data from United 
Kingdom Heart Valve Registry). 


years. In 1986 about 54% of valves implanted in the UK 
were mechanical valves, compared with 46% bioprosthetic 
valves. Homograft valves account for less than 1% of total 
implants. In 1987-88 an increased preference for mechan- 
ical valves resulted in a 70% to 30% split between 
mechanical and bioprosthetic valves. The situation seems 
to have reached a steady state with little further change over 
the past two years (fig 1). 
There are also trends in the use of particular valve types. 
Over the past four years single disc valves were the most 
commonly used mechanical valves. The use of ball valves 
declined and there was a significant corresponding increase 
, in the use of bi-leaflet valves (fig 2). For the year 1989, the 
figures were 48% single leaflet, 37% bi-leaflet, and 15% ball 
valves. In the bioprosthetic valve group, the preference for 
porcine over bovine pericardial valves has increased since 
1986 when 75% of bioprosthetic valves implanted were 
porcine. By 1989 the proportion of pericardial valves had 
fallen to 15%, presumably reflecting doubts over the long 
term durability of pericardial valves. 

` These data indicate a clear shift in surgical preference in 
the period 1986-89 towards mechanical valves. No single 
factor is obvious in determining this trend, but it seems 
likely that the perceived requirement for re-operation with 
bioprosthetic valves convinces surgeons and cardiologists 
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more than the potential of avoiding anticoagulation in some 
patients. Whether this perception can be supported by hard 
data is quite another matter. It is interesting, however, to 
see such a clear trend, particularly when patients are 
getting older (37% over 65 years in 1989) and when 60% of 
all replacements are aortic valves, more often than not in 
patients in sinus rhythm. 


What of the future? 

Whatever else happens, it seems certain that the average 
age of patients requiring heart valve surgery will continue 
to increase. It has been estimated that 40% of valve surgery 
patients in the 1990s will be over 65 years of age. Although 
valve surgery in the elderly patient may be performed with 
very acceptable results, operative mortality and post- 
operative morbidity have been shown to be increased. 
Careful preoperative assessment and identification of major 
risk factors in elderly patients should improve results 
further. i 

Conservative valve surgery, particularly in the mitral 
position, is likely to increase as surgeons gain more 
experience in the techniques pioneered by Carpentier et al 
in France! and Cosgrove et al in the USA.’ Currently, 
conservative procedures account for around 10% of all 
mitral valve operations but only 0:5% of aortic procedures. 
Homograft aortic valve replacements make up around 2% 
of all aortic replacements. It seems likely, therefore, that 
most heart valve surgery in the United Kingdom popula- 
tion will continue to require the replacement of affected 
valves by some form of artificial valve? The current 
preference for mechanical valves may well continue at 
present levels, although this part of the whole equation is 
difficult to predict. 

Long term information from the national registries 
should provide reliable data upon which such choices may 
be made in the future. At the very least, registry informa- 
tion will let us know the extent of the correlation, if any, 
between the valves we think we should use and the valves 
we actually do use. 


KENNETH M TAYLOR 
Cardiothoracic Surgical Unit, 
Royal Postgraduate Medal School, 
Hammersmith Hospital, 
Du Cane Road, London W12 ONN 
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m| An excellent beginner’s guide 


The extraordinary technical developments in molecular biology over 
the past few years, and the equally rapid advances in understanding of 
cell biology, will almost certainly result in far reaching changes in 
medical research and practice. In this collection of articles experts in 
molecular and cell biology provide the background information to 
give clinicians an insight into the way in which the medical sciences 
may be moving over the next few years and into the exciting 
possibilities opening up for the treatment of genetic disorders, 
cancer, and the common illnesses of Western society such as 
degenerative vascular disease and diabetes. 
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Michael Haude, Raimund Erbel, Uwe Straub, Ulrich Dietz, Jurgen Meyer 


Abstract 

Objective—Intracoronary stenting was 
designed to overcome acute complica- 
tions after percutaneous transluminal 
coronary angioplasty and to achieve a 
reduced rate of restenosis, both of which 
are major limitations of this well accep- 
ted method for treating coronary heart 
disease. This report describes the ex- 
perience at one centre with the im- 
plantation of balloon-expandable 
Palmaz-Schatz stents and focuses on 
device related complications and the 
short and long term angiographic out- 
come. 

Design—A retrospective data analysis. 

Patients—Stenting was attempted in 
50 patients. Restenosis after an initially 
successful angioplasty procedure, in- 
adequate postangioplasty results, 
saphenous coronary bypass stenoses, and 
bail-out situations were regarded as 
indications. 

Main outcome measures and results— 
In 49 of 50 attempted patients 61 stents 
(i—4 per patient) were implanted. 
Delivery problems occurred in three 
patients and were successfully overcome 
in two patients. Bail-out situations were 
successfully managed in 16 patients. 
Complications included acute thrombus 
formation within the stent immediately 
after implantation in one patient, which 
was successfully treated by thrombo- 
lysis. One patient was sent for bypass 
surgery the day after implantation; 
another died 10 days after implantation 
for unknown reasons. Subacute stent 
thrombosis occurred in seven patients 5- 
9 days after implantation and was suc- 
cessfully treated by thrombolysis or 
balloon angioplasty in five patients. 
Bleeding complications occurred in nine 
patients, five of whom required blood 
transfusions. Angiography showed long 
term vessel patency after 4-6 months in 
31 (76%) of the 41 patients who were 
followed up, restenosis in six (14%), and 
reocclusion in four (10%). Late resten- 
osis or reocclusion was found in five 
(15%) of 33 patients with a single stent in 
contrast to five (63%) of eight patients 
with multiple stents. 

Conclusions—Balloon-expandable in- 
tracoronary stenting is a feasible method 


for treating the acute complications of 
balloon angioplasty. It reduced the rate 
of restenosis for single stent implanta- 
tion. Subacute thrombotic events must 
be regarded as previously unknown and 
serious complications. 


Although percutaneous transluminal coronary 
angioplasty (PTCA) is widely accepted as the 
best intervention for the treatment of coro- 
nary heart disease in patients presenting with 
stable and unstable angina, serious limitations 
continue despite the progress that has been 
made. In particular, the incidence of acute 
complications after balloon angioplasty—such 
as dissections, vessel rupture, and acute 
thrombosis with or without consequent myo- 
cardial infarction—has been reduced but they 
remain unpredictable factors. "^ Further- 
more, long term success is limited by the rate 
of late restenosis, which ranges from 14% to 
44% depending on patients population and, 
primarily, on the definition of restenosis." 
3101518 Intracoronary stenting was designed to 
overcome the acute complications of balloon 
angioplasty and reduce the number of 
requests for surgical interventions," and 
also to reduce the late restenosis rate.~” Dif- 
ferent stent types have been developed and 
implanted into human coronary arteries after 
previous animal studies had produced promis- 
ing results. ? 7 £57 

We report experience at one centre of the 
implantation of balloon-expandable Palmaz- 
Schatz stents in human coronary arteries. 


Patients and methods 

PALMAZ-SCHATZ STENT 

This balloon-expandable stent consists of two 
stainless steel meshes connected via a single 
bridge to improve flexibility (fig 1). Balloon 
inflation expands the stent up to the maximum 
balloon diameter pressing it against the vessel 
wall. Only low inflation pressures are neces- 
sary to achieve complete stent expansion, 
which reduces the risk of balloon rupture.” * 
The expanded stent remains in position after 
balloon deflation. 


PATIENTS 

Intracoronary stenting was attempted in 50 
patients (table 1) (two women and 48 men, 
aged 41-76) presenting with at least one of the 
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Figure 1 Balloon- 
expandable Palmaz- 
Schatz stainless steel stent 
before balloon inflation 

/ upper panel), after 
balloon inflation ( middle 
panel), by the expanded 
balloon (small black 
arrows), and after balloon 
deflation and withdrawal 
(lower panel). 





Length = 14mm Diameter = 1-67 mm 


Ot = IP ber 
B 





following indications: (a) restenosis after an sections); (d) coronary bypass stenosis (one 
initially successful coronary angioplasty patient). 


procedure (31 patients); (b) inadequate All patients gave their informed consent for 
angiographic result after balloon angioplasty the coronary balloon angioplasty procedure, 
with or without limitation of distal contrast for the stent implantation if at least one of the 
medium run off (15 patients); (c) bail-out defined indications developed, and for a follow 
situations (16 patients with symptomatic dis- up coronary angiogram 4—6 months after im- 


Table 1 Details of 50 patients in whom implantation of balloon-expendable Palmaz- Schatz stents was attempted 





Previous 





AP -_ Target Indication 

Case Age Sex Risk factors CCS PTCA MI lesion Collaterals for stenting 

l 47 M H, Ila, N Il LAD 88 E8 LAD S IH R 

2 41 M Ila, N I LAD 89 £8 LAD Occ II R 

3 60 M - IH LAD 87 F1 LADS II R, D, B 

4 69 M Ila HI LAD 87 — RCA Occ III R, D, B 

5 66 M IIa, N I RCA 88 ER RCA S I! R, D, B 

6 58 M Ha, N IH LAD 87 87 LADS Il R 

7 65 M -— IH -— 87 RD1 Occ IH D, B 

R 53 M — H LAD 88 — LADS Il] R 

9 67 M N IV — -— RCA S II Inad res 
10 57 M H, N IH LAD 88 RS LADS IH R 
11 55 M o Ill LAD 88 LADS lI R 
12 55 M O, Ha II LAD 88 — LAD S Il R 
13 47 M Ila, N II LAD 88 — LAD S II R,D,B 
14 76 M O, IIa, N Ill LCx 88 87 LCx S II Inad res 
15 58 M š IH LAD 89 88 LADS IH R, D, B 
16 68 M Ha, N I RIM 89 — RIMS I! R, D, B 
17 68 M H, Ila, N IH RCA 86 85 RCAS Il Inad res 
18 55 M DM, O,N Il — — LAD S I! D, B 
19 64 M H,O Il — = LAD S II D, B 
20 70 M O, Ila, N Ill — 39 RCA S II D, B 
21 64 M DM, O, IIa, II LAD 89 — LAD Occ H R 
22 56 M H LAD 88 — LAD Occ I R, inad res 
23 61 M Ila, N, O I] LAD 88 38 LADS Ill R 
24 66 M N, Ia Ill o — RCA Occ Il Inad res 
25 50 M N IH LAD 88 AR LAD S II R, D, B 
26 54 M Ila, N IH LAD 88 — LAD S Il R 
27 56 M N IH LAD 87 — LAD S II R 
28 59 M O, Ha, N H LAD 89 88 LADS II Inad res 
29 61 M O, Ila I LAD 88 89 LAD Occ IH Inad res 
30 69 F Ila Il — 88 LAD S II D, B 
31 61 M O, Ila, N H LAD 89 — LAD S Ill R, inad res 
32 61 M H, O, N I LAD 89 89 LADS H R 
33 60 M H, A, IIb, N II LAD 89 88 LADS Il R 
34 69 M H,N Ill — — LAD S II Inad res 
35 64 M O, IIb, N I LAD 89 — LADS IH R 
36 49 M O, Ila, N IV LAD 89 — LAD Occ II R 
37 64 M O, H, Ila II LAD 88 — LADS H R, D, B 
38 63 M H, lib, N Ill RD1 88 87 RDIS Il 
39 64 M H, O, IIb H1 LAD 89 -— LADS II Inad res 
40 58 M N Il — 89 RCA S II Inad res 
41 49 M — Ill LAD 89 89 LADS Il! R 
42 55 M H, IIb, N I RCA 89 89 RCA S IH R 
43 52 M H,O, V, N IV LAD 89 — LADS H R, D, B 
44 61 M H,N Il LAD 89 — LADS Il R, inad res 
45 60 M H, O, IIb, N Ill — -- RCA S -= Inad res 
46 70 F H, O II — o LADS E D, B 
47 51 M Ha, N Il — — SBG S — SBG S 
48 75 M -- II — 89 RCA § — D, B 
49 69 M H, N Ill LAD 89 86 RCA S I Inad res 
50 53 M — Ill RCA 87 84 RCA S II R, inad res 


H, hypertension; N, cigarette smoking; O, obesity; Ila, IIb, and V, type of hyperlipoproteinaerria according to Fredrickson; AP, grade of angina pectoris according 
to the Canadian Cardiovascular Society (CCS); LAD, left anterior descending artery; RCA, right coronary artery; LCx, left circumflex artery; RD1, first diagonal 
branch; RIM, intermediate branch; SBG, saphenous bypass graft; R, restenosis; D, dissection; B, bail-out; Inad res, inadequate angioplasty result; PTCA, 
percutaneous transluminal coronary angioplasty; MI, myocardial infarction; Occ, occlusion; S, stenosis. 
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Pre-cathererisation |  Catheterisation including Foll Sd 
period stent implantation M Hp RR 


Nifedipine 3 x 10 mg/day ———————_______ r r tuntil 
Dipyridamole 2 x 75 mg/day —————___________ ëI month 
Aspirin 500 mg/day ————— ——————————————— ss» 4-6) 
Glyceryl trinitrate 3mg/h tv ~» 
Nifedipine Q*5 mg/h iy ————» 
Heparin 100001U tv bolus 
Heparin 1200 IU/h w 
Glyceryi trinitrate 0:2 mg ic 
Heparin 3000 IU tc 


Dextran 100 ml/h (max 1000 ml) 
starting 2h before 


Coumarin at Quick levels<30% 
Sheath withdrawal after 12h 
(until month 3) 


1 2 3 4567 3 4-6 
Day Month 


performed in different oblique projections. 
The sheaths were withdrawn after 12h and 
heparin infusion was continued for 48 h. All 
patients were given continuous nifedipine, 
dipyridamole, and high dose aspirin until late 
follow up angiograms were performed after 4— 
6 months (fig 2). Starting with patient 8, 
coumarin was also given and heparin infusion 
was continued until Quick values « 3095 were 
obtained. Because of the effect on subacute 
thrombosis after stent implantation reported 
by Schatz et al this anticoagulation treatment 
was continued for three months.” ? 





Until Quick level « 3096 
} Before follow up angiograms 


QUANTITATIVE CORONARY ANGIOGRAPHY 

Coronary luminal narrowing was estimated in 
two orthogonal views that give the best images 
of the target lesion. These views were also 
used to assess short and long term vessel 


Figure 2 Medcal treatment of patients undergoing intracoronary stenting. iv, 
; patency. We calculated the absolute and 


intravenous; tc, intracoronary. 


plantation to investigate the long term out- 
come. 


PROCEDURE 

Patients were treated with aspirin (500 mg) 
(Colfarit), nifedipine (3 x 10 mg) (Adalat) 
and dipyridamole (2 x 75mg) (Persantin 
forte) each day starting two days before the 
investigation (fig 2). In the catheterisation 
laboratory they were given 100 ml/h dextran 
before the procedure, an intravenous bolus 
injection of 10000 IU heparin, and contin- 
uous infusion of 1200 IU/h heparin, 0-5 mg/h 
nifedipine, and 3 mg/h glyceryl trinitrate 
(Perlinganit). After left ventricular angio- 
graphy coronary angiograms of the left and 
right coronary arteries were performed in 
several projections to show the target lesion 
and the collateral supply. Angioplasty of the 
target lesion was then performed with 9F 
guiding catheters (Medtronic, USA) and 
balloon catheters (ACX, ACS, and Hydro- 
Cross; Edwards) with diameters ranging from 
20 to 3:5 mm. Intracoronary injections of 
0-2 mg glyceryl trinitrate and 3000 IU heparin 
were given before the follow up angiogram. If 
one of the defined indications was present we 
decided to implant a balloon-expandable 
Palmaz-Schatz stent. The Judkins guiding 
catheters were replaced by 9F Amplatz guid- 
ing catheters via a 3m guide wire where 
possible. Then the Palmaz-Schatz stent was 
mounted between the radiopaque markers of a 
3-0 mm balloon catheter (USCI), which has a 
balloon length of 2-5 cm and can be inflated up 
to 14 atm (fig 1). The markers are needed to 
aid positioning of the stent because the mesh 
is not radiopaque. The long balloon covers the 
ends of the stent struts and prevents them 
damaging the vessel. The balloon with the 
mounted stent was then inserted into the 
target lesion and inflated to pressures up to 
12 atm for 5—10s. 

Another angioplasty was performed within 
the stent in 24 of 49 patients to achieve some 
overdilatation of the stented vessel segment 
and good fixation of the stent to the vessel wall 
(table 2). Finally, follow up angiograms were 


relative minimal stenosis diameters according 
to the assumptions of Brown et al,? and 
we used the guiding catheter as a reference. 
Restenosis was defined as a reduction of 
>50% in the lumen diameter or a loss of 
>50% of the initial result. 


STATISTICAL ANALYSIS 

Minimal stenosis diameters are expressed as 
mean (18D). We used analysis of variance, 
Student's t test, the y? test, and Fisher's test, 
as appropriate, to test for significant changes. 
A probability of p < 0-05 was regarded as 
significant. 


Results 

Figure 3 shows a successful stent implantation 
in a right coronary artery (patient 45). The 
indication for the implantation was an in- 
adequate postangioplasty result after repeated 
balloon angioplasty with larger balloon cath- 
eters, longer inflation times, and increased 
inflation pressures. The severity of stenosis 
decreased considerably after stent implantation 
and the improvement persisted even after six 
months. 


PRACTICABILITY 

We successfully implanted 1—4 stents per 
patient in 49 of 50 patients in whom intra- 
coronary stenting was attempted. In one 
(patient 19) it was impossible to position the 
balloon catheter with the mounted stent into a 
predilatated but dissected lesion of the left 
anterior descending artery. Two other patients 
required additional angioplasties with larger 
balloons (3-5 mm diameter) before stent 
delivery could be successfully performed. 


COMPLICATIONS 

Acute thrombosis within the stent was seen 
immediately after implantation in one patient 
(patient 46), who had a dissected lesion of the 
anterior descending artery after angioplasty 
and a history of unstable angina. This patient 
was treated by an intracoronary bolus injection 
of 300 000 IU urokinase and additional intra- 
venous infusion of 1:5 million IU urokinase for 
30 minutes. A non-Q wave myocardial infarc- 
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Table2 Indnndual angiographic results, balloon sizes, number of implanted stents, and complications tn 50 patients 











Minimal stenosis diamater Max balloon diameter 
Pre Post With Stent Stent 
PTCA PTCA stent 4-6 mnth PTCA intplast dilatation Implanted . 
Case (mm)  . (mm) (mm) (mm) (mm) (mm) (mm) stents (1) Complications 
tt RR tt 
1 07 32 36 31 3 35 — l — 
2 0 24 28 0 3 3 — 2 = 
3 05 15 a5 32 3 3 — 1 = 
4 02 25 34 0 ; a2 == s ner 
15 35 35 = —3 
3 1 25 29 — 35 : = i Death 
7 02 15 3 3 3 = 
8 15 2 36 1 25 3 35 1 AVF 
9 ] 2 33 33 25 3 3:5 1 — 
10 07 2 34 23 25 3 35 2 — 
11 18 2 35 35 25 3 35 1 GI bleed 
12 13 2 34 26 25 3 3-5 2 — 
13 15 2 2-8 26 3 3 — 1 Ging bleed 
14 1 15 35 24 35 35 — 1 Ging bleed 
15 l 2 35 0 35 2? 55 A SAT 
16 1 15 3 27 3 — — 
17 15 15 3 0 2:5 3 — 2 SAT 
18 05 25 35 — 3 35 — 1 Dissec + CABG 
19 08 20 — — 3 — — — Impl impos 
20. 25 3 35 3-5 35 35 oa I — 
21 02 15 3 3 3 3 — 1 SAT 
22 .0 15 28 25 3 3 3 l Ging bleed 
23 09 2 35 32 3 3 35 l — 
24 0 2 34 33 35 3 35 I — 
25 1 24 35 25 " 3 35 1 GI bleed 
26 09 2 35 35 3 5:5 — I AVF, SAT 
27 15 25 35 25 3 3 — l — 
28 ł 15 3 08 3 3 35 1 — 
29 02 18 3 28 3 3 — 1 — 
30 13 2 33 11 3 3 35 -l — 
31 08 I 34 34 35 35 — 1 — 
32 17 2 35 34 35 3 35 1 — 
33 18 23 3 09 3 3 — 1 — 
34 15 24 32 — 3 3 35 1 — 
35 12 25 3 — 3 3 — 1 — 
36 0 2 3 3 3 3 — 1 SAT 
37 17 25 34 29 3 3 35 i — 
38 08 2 3 3 3 3 35 1 — 
39 09 18 3 3 3 3 — H — 
40 13 15 3 25 35 3 35 1 — 
41 04 21 37 31 35 35 4 1 — 
42 04 23 3 25 3 3 — 1 — 
43 08 18 35 — 3 3 35 1 — 
44 1 18 35 28 3 3 35 2 Ging bleed 
45 15 2 4 4 3 35 4 1 — 
46 08 15 31 31 3 3 — 1 Thrombus 
47 13 2 28 05 3 3 — 1 — 
48 15 16 3:5 — 3 3 35 1 AVF 
49 12 19 25 — 3 25 = 1 SAT 
50 18 18 35 — 3 3 35 1 SAT, CABG 
Mean 1 00 202 3-26 2 39 3 00 3 10 3 50 — — 
(SD) 0 57 0-47 031 1-15 0 36 0 23 0-20 — — 
PTCA taneous transluminal coronary balloon angioplasty; AVF, arteriovenous fistula, GI bleed, gastrointesunal bleeding, Ging bleed, gingival bleeding; 
e stent thrombosis; CABG, coronary artery bypass grafting, impl impos, implantation impossible, dissec, dissection. 
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tion with a maximum rise in creatinekinase to 
400 IU/I developed. A follow up angiogram 
after 24 h showed vessel patency without any 
persisting thrombus formation. 

One patient (patient 18) was sent for elective 
bypass surgery 24h after stent implantation 
because of persisting angina but without 
changes on electrocardiogram or in creatine 
kinase activity. In this patient, who presented 
with a stenosis of the left anterior descending 
coronary artery near to the origin of the first 
diagonal branch, the guide wire could be placed 
only in the diagonal branch and not in the distal 
left anterior descending coronary artery. After 
balloon angioplasty there was a long dissection 
at the site of dilatation that altered blood flow in 
the distal part of the left anterior descending 
coronary artery even after successful stent 
implantation. 

Symptomatic thrombotic complications in- 
cluding vessel closure occurred in seven 
patients. 5-9 days after stent implantation. 
These were regarded as subacute complica- 


tions in view of the interval since implantation. 
Table 3 shows individual data on stent implan- 
tation, the time of subacute vessel closure, the 
medication, and the coagulation indices for 
these seven patients. Suboptimal anticoagula- 
tion or antiaggregation at the time of vessel 
closure was found in two of seven patients, 
which means that either coumarin, aspirin, 
and/or dipyridamole were not given, or given in 
inadequate doses. Reopening of the stented 
vessel was achieved by thrombolysis or 
mechanical recanalisation and balloon angio- 
plasty in five of seven patients. The two patients 
in which these measures failed were sent for 
bypass surgery—one immediately and the 
other four months later because of persisting 
angina and an abnormal stress test despite good 
collateral supply of the target vessel. Three 
patients developed Q wave myocardial infarc- 
tions and two non-Q wave myocardial infarc- 
tions. Late follow up coronary angiograms after 
stent implantation, performed in four of five 
thrombolytically or mechanically recanalised 
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Figure 3 Angiograms of 
a patient with a subtotal 
stenosis of the right 
coronary artery (RCA 
before and after balloon 
angioplasty (PTCA) and 
the short and long term 
angiographic results after 
implantation of a balloon- 
expandable Palmaz- 
Schatz stent. 





1 Before PTCA 






o, 


patients, showed long term vessel patency in 
three. The other presented with late re- 
occlusion and was successfully recanalised by 
angioplasty. 

One patient (case 6) died out of hospital 10 
days after implantation of an unknown cause. 
Necropsy was not performed. 


Major bleeding complications requiring 
blood transfusions occurred in five patients 
(10%) (gastrointestinal bleeding in two 
patients during the follow up period and 
haematoma in the groin with arteriovenous 
fistulae in three patients after sheath with- 
drawal). Minor bleeding complications such as 
gingival bleeding occurred in four patients 
(8%). 


QUANTITATIVE CORONARY ANGIOGRAPHY 

Visual inspection of the coronary angiograms 
after stent implantation showed smooth vessel 
wall segments without any wall irregularities in 





After PTCA 


6 months after stenting 


most cases, in contrast to the usual appearance 
after balloon angioplasty. Especially in patients 
with large and symptomatic dissections afte: 
balloon angioplasty the intimal and medial flaps 
were successfully wrapped against the vessel 
wall in 15 of 16 leaving no angiographic signs ol 
residual stenosis. 

Table 2 shows the individual results of th« 
quantitative analysis of the minimal lumina! 
narrowing before and after balloon angioplasty. 
after intracoronary stenting, and four to si» 
months later together with data on maximum 
balloon sizes for balloon angioplasty and 
stent implantation. The mean (1 SD) minima 
luminal diameter after balloon angioplasty wa: 
2:02 (0-47) mm compared with 1:00 (0-57) mn 
before angioplasty (p 0-001). After sten 
implantation there was a further increase u 
luminal diameter to 3:26 (0:31) mm (p 
0-001). In contrast, the mean maximun 
balloon size for angioplasty was 3-00 (0-36) mn 


Figured — Minimal 
luminal diameters (mean 
(1 SD)) before and after 
balloon lasty and 


angiop 
after ymplantation of 
balloon-expandable 
Palmaz- Schatz stents 
compared with the 
maximum balloon 
diameters used. 


Haude, Brbel, Straub, Dietz, Meyer 


Table3 Individual procedure-related data, medication, and anticoagulation variables of seven patients with subacute 


thrombosis after implantation of balloon-expandable Palmaz-Schatz stents 











Medication 
pr ucro 

No Target SA sptrin 

cas Eh Collar Stens (day)  Coumann t (IUIS) (mg) Dipyridamole 
15 LAD sten II 3 9 - — 500 + 
IT RCA sten II 2 7 * — 500 + 
21 LAD occi Ii 1 6 4 — 100 t 
26 LAD sten i 1 8 ct — 500 + 
36 LAD sten II 1 9 T — — + 
49 RCA sten I 1 5 * 1000 500 + 
50 RCA sten H 1 5 + 1200 500 + 





Sten, stenosis; occl occlusion, nQ MI non-Q wave myocardial infarction; Q MI. Q wave myocardial infarction, CK, creatine kinase MB 


and for stent implantation 3-10 (0-23) mm, 
giving balloon:vessel ratios of 0-9 and 0-95, 
respectively. 

There was a 33% decrease in the maximum 
achievable diameter measured after balloon 
angioplasty but almost no loss after stenting 


(fig 4). 


RESTENOSIS 

Forty three (89%) of the 47 suitable patients 
had follow up angiograms (fig 5). Five symptom 
free patients refused scheduled late coronary 
angiography. Angiograms were performed in 
36 (84%) of the 43 suitable patients four to six 
months after stenting and in seven (1694) 
before this scheduled date because of throm- 
botic complications. In the group of 36 patients 
who had the follow up angiography, 28 (78%) 
showed vessel patency and eight (22%) resten- 
osis or reocclusion. Angiograms were obtained 
four months after stenting in five of seven 
patients with subacute thrombosis. In four of 
these patients thrombolysis or mechanical 
recanalisation was successful and in another it 
was not. Thus 41 (84%) patients had long term 
follow up angiograms after four to six months 
that showed open vessels without restenosis in 
31 patients (76%), restenosis in six patients 
(15%), and reocclusion in four patients (9%), 


of whom one had successful and another unsuc- - 


cessful recanalisation, which was attempted 
because of subacute thrombosis after stenting. 

Only three of eight patients with multiple 
stents had patent vessels four to six months 
after stenting. One had late restenosis and four 


had late reocclusion. In contrast 28 (85%) of 


the 33 patients with single stents had patent 
vessels four to six months after stenting; three 


*k Balloon sze 


Minimal luminal diameter (mm) 





PTCA PTCA stenting 
LL. p«0 001— LL p«0 001 —— 3 


of them had had successful thrombolysis or 
mechanical recanalisation because of subacute 
stent thrombosis. Late restenosis was found in 
five (15%) of 33 patients with single stent 
implantation (p < 0:02 compared with mul- 
tiple stent implantation). No late vessel 
occlusion occurred in these patients. 

Mechanical recanalisation of chronically 
occluded coronary arteries was attempted in 
eight of the 50 patients. In six this achieved 
long term vessel patency; in two there were late 
reocclusions. 

Coumarin had been given to 35 of the 41 
patients who had long term follow up coronary 
angiography—seven (20%) with late restenosis 
or reocclusion and 28 (80%) patients in whom 
the vessel remained patent. In those not treated 
with coumarin long term restenosis or re- 
occlusion was found in three patients and long 
term vessel patency in two (no significant dif- 
ference compared with the coumarin treated 
group). One patient in this subgroup died 10 
days after implantation. 


Discussion 

Restenosis after an initial successful coronary 
angioplasty procedure, inadequate postangio- 
plasty results, coronary venous bypass stenosis, 
and bail-out situations are commonly accepted 
indications for stent implantation. 21242732 
The rate of successful implantation was 9895, 
which is comparable to the results of other 
groups and to the rate of success for pure 
balloon angioplasty procedures.’ * %17 
Although the balloon with the mounted stent 
becomes somewhat stiffer, we were able to pass 
most lesions. The importance of sufficient 
predilatation was demonstrated in two patients 
who required another angioplasty before stent 
delivery was successful. Nevertheless, in tor- 
tuous lesions it can be difficult if not impossible 
to pass the lesion with this device, as occurred 
in one patient. 

Acute complications were less common after 
stent implantation than after coronary balloon 
angioplasty. Severe complications such as 
acute thrombosis or dissections resulting in 
acute vessel closure were reported in 1:1—8% 
of patients after coronary balloon angio- 
plasty.? 7 ^? Only one of our patients had acute 
thrombosis immediately after stent implanta- 
tion. This patient had unstable angina. The 
reported rates of thrombosis and acute vessel 
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4ble 3 continued 

— M ——— MM M——Ó 

J CK 
AT III PTT Quck TT Max MB 
(*6) (5) (96) (s) Therapy ECG (IU/L) (IUJ) 
— 52 14 17 PTCA — 
— 26 30 15 — — a B 
— 27 16 PTCA nQ MI 700 75 
68 20 10 24 Thrombolysis à MI 2180 380 
88 8 22 18 Thrombolysis Q MI 983 98 
77 120 17 129 PTCA nQ MI 567 4i 
76 80 71 120 CABG Q MI 809 41 


ction. See footnotes to tables 1 and 2 for other abbreviations. 


closure after angioplasty are higher in patients 
with unstable angina."? 

Sixteen of 50 patients needed a bail-out 
procedure after balloon angioplasty, because 
they had symptomatic coronary dissections 
with angiographically documented flaps. The 
flaps were wrapped against the vessel wall in 
most cases and there was a considerable reduc- 
tion in symptoms and ischaemic electrocar- 
diographic changes. Previous investigators 
have discussed the relation between the extent 
of dissections and the rate of acute complica- 
tions including vessel closure and the request 

- for urgent bypass surgery." Vessel wall 
irregularities such as intimal and medial flaps 
alter blood flow and promote thrombus forma- 
tion. There were no acute vessel closures or 
requests for urgent bypass surgery among our 
patients, even those with symptomatic dissec- 


After 24h 


After 10days 1 death 
After 6—9 days 
Subacute stent 
thrombosis 7 
Thrombolysis 2 | | PTCA 3 Unsuccessfu 
reopening 2 
enel 1 CABG | 
= m After 4—6 months 
Refused follow up Refused follow up 
anglogram 1 anglogram 4 


rm [Guard 
1 
1PTCA | 1 CABG 5 PTCA 3 CABG 


Figure 5 Flow chart of the results of restenosis m 50 patients, tn whom mtracoronary 
implantation of balloon-expandable Palmaz-Schatz stents was attempted. 
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tions. In one patient who had a long dissection 
after angioplasty of a lesion of the left anterior 
descending artery a single stent was implanted 
but a residual distal flap persisted and altered 
blood flow in the distal part of the vessel even 
after stenting. This patient was sent for elective 
bypass surgery the next day. This case empha- 
sises the application of ‘‘over the wire tech- 
niques" for stent implantation with proper 
positioning of the wire in the distal part of the 
target vessel and not in side branches, es- 
pecially those that originate next to the target 
lesion. The long wire technique allows easy 
exchange of balloon catheters for angioplasty 
and stent delivery even in the presence of 
dissections. It also provides a stable back up 
when the stent device is advanced. 

Subacute stent thrombosis five to nine days 
after implantation must be regarded as a new 
device-related problem. It was reported in 
1894 of 39 patients not treated with warfarin 
and in 0-6% of 174 patients treated with 
warfarin who had a Palmaz-Schatz stent im- 
planted.” ?' Serruys et al reported 25 (21 within 
the first 14 days) subacute vessel closures in 
105 patients receiving a self-expandable 
Medinvent stent.” ” This confirmed previous 
reports.” Similar results have been reported 
for Gianturco and Wiktor stents. The rate of 
subacute vessel closures was 10%. Schatz,” ? 
recommended that all patients with stent 
implantation should be treated with long 
term medication including high dose aspirin 
(500 mg/day). dipyridamole, and additional 
coumarin to prevent subacute thrombotic com- 
plications. Nevertheless, seven (14%) of our 
patients had a subacute stent thrombosis. 
Retrospective analysis showed that anti- 
coagulation or antiplatelet aggregation treat- 
ment had been inadequate in two of seven 
patients. On the other hand, five patients who 
were given optimal medical treatment also had 
subacute stent thrombosis. In five patients 
subacute vessel closure occurred soon after 
heparin was stopped. Although routine serum 
coagulation indices (prothrombin ratio, acti- 
vated partial thromboplastin time, Quick 
levels) were optimal, stopping heparin after 
several days treatment may have promoted 
increased rebound coagulation. More detailed 
analysis of the patients' individual coagulation 
state showed that the prothrombin fragments 
Fl and F2 are better indices for predicting 
subacute stent thrombosis." * Also, coagula- 
tion factor II is a better index of coumarin 
induced anticoagulation than the Quick value 
especially before intravenous heparin is 
stopped. 

Bleeding complications occurred in nine 
(18%) patients; five needed blood transfusions. 
This was a somewhat higher rate than that 
associated with coronary angioplasty alone.” ” 
The most likely explanation is the extended 
anticoagulation and antiplatelet aggregation 
treatment. 

One patient died of an unknown cause out of 
hospital 10 days after implantation. Necropsy 
was not performed. This patient did not receive 
coumarin. There was no evidence of stent 
related death or myocardial infarction asso- 
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Table4 Different definitions of restenosis applied to the late angiographic results after implantation of balloon-expandable Palmaz-Schatz stents 
DEMNM NNNM PRENNENT RR DRE NR RR ÁÁ 


Rate of restenans (%) 








Stent implantation Smgle stent implantation Muluple stent ymplantation 
With SAT Without SAT With SAT Without SAT With SAT Without SAT 
Definition of restenosis (n m 41) (n m 36) (n = 33) (n = 30) (n = 8} (n = 6) 
>50% diameter reduction and > 50% loss 
of the post-stent result 24 22 15 17 63 50 
>30% decrease In diameter at follow up 
compared with the post-stent result 29 28 21 17 63 50 
7 7094 diameter reduction and > 50% loss 
of the post-stent result 24 22 15 17 63 50 
Decrease m diameter at follow up to within 
1096 of the predilatation diameter 24 22 15 17 63 50 
> 50% loss of the post-stent result 27 22 18 17 63 50 
70 72 mm reduction in diameter at follow 
up compared with the post-stent result 37 36 24 27 88 83 





SAT, subecute stent thrombosis. 


ciated with vessel closure although the timing 
does not differ from that of subacute stent 
thrombosis. One stent related death has been 
reported from the central registry for the 
Palmaz-Schatz stent.” ” 

There was a 33% loss in the maximum 
achievable diameter after balloon angioplasty 
compared with almost no loss after stenting, 
though the maximum balloon:vessel ratios 
were similar. This is a commonly known limi- 
tation of coronary balloon angioplasty and is in 
part brought about by the elastic recoil forces of 
the coronary arteries. Balloon-expandable 
stenting improved the angiographic results of 
the lesion dimensions by inhibiting these elas- 
tic recoil forces. The residual area stenosis after 
implantation of self-expandable Medinvent 
stents was reported to be about 36% and the 
residual diameter stenosis 22% immediately 
afterwards and 17% after 24 hours,“ which is 
considerably higher than our results for mean 
residual diameter stenosis after balloon- 
expandable stenting, which was less than 5%. 

Despite the small number of patients studied 
we analysed our data to obtain information 
about the rate of late restenosis after coronary 
stent implantation. The rate of restenosis and 
reocclusion was calculated to be 24% com- 
pared with about 30% after coronary balloon 
angioplasty." Because the data for restenosis 
depend on the definition used, we also cal- 
culated the rate of restenosis for other fre- 
quently used definitions (table 4). Patients with 
single stent implantation showed better long 
term vessel patency than patients with multiple 
stents; this finding accords with Schatz’s data.” 

We conclude that wherever possible multiple 
stent implantation should be avoided for a 
single coronary lesion. 'T'he possible reasons for 
the poor long term outcome of multiple coro- 
nary stent implantation are an increased 
thrombophilia and induction of intimal pro- 
liferation, especially when there is an overlap of 
two adjacent stents.? ? Additional treatment 
with cournarin did not tend to influence the rate 
of late restenosis—in contrast to the results 
reported earlier" However, only seven 
patients were not treated with coumarin com- 
pared with 41 patients who were. This may 
explain the outcome. Nevertheless, long term 
coumarin treatment (for at least three months) 
must be reconsidered because we found no 


evidence that it inhibited subacute stent throm- 
bosis or late restenosis while bleeding com- 
plications were more common. 

Statistical analysis did not identify any other 
risk factors for late restenosis in these patients, 
such as balloon size, inflation pressure, duration 
of inflation, absence or presence of dissections, 
or the resulting vessel diameters. 

Intracoronary implantation of  balloon- 
expandable Palmaz-Schatz stents is a new, 
highly feasible interventional technique. 
Management of acute complications after 
coronary balloon angioplasty was especially 
successful. Currently the long term outcome 
seems to be open, though we did find a sig- 
nificantly lower restenosis rate when single 
stents were used. In our opinion, subacute 
stent thrombosis must be regarded as a new, 
serious complication and a limitation of this 
promising method, which our results suggest 
cannot be counteracted by extended anti- 
coagulation and antiplatelet aggregation treat- 
ment but by improved coagulation monitoring. 
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Abstract 

Objective—To assess the sensitivities 
of Doppler indices to changes in global 
cardiac function during and after 
controlled myocardial ischaemia 
induced by coronary angioplasty. 

Design—Continuous wave Doppler 
signals of aortic flow were recorded 
during coronary angioplasty. The follow- 
ing Doppler indices of cardiac function 
were measured before, during, and after 
balloon inflation: V (peak velocity), MA 
(mean acceleration), V'[T (T = time 
from onset to peak ejection), and MD 
(minute distance corrected for baseline 
heart rate). 

Setting—A tertiary care cardiological 
unit in a university hospital. 

Patients—Sixteen patients undergoing 
coronary angioplasty of the left anterior 
descending coronary artery. Eight 
patients had multivessel disease. 

Main outcome measures—The pri- 
mary outcome measures were planned 
before data collection began. 

Results—12 patients showed a 
significant fall of three or more Doppler 
indices from their baseline values during 
balloon inflation. This occurred in all 
patients with multivessel disease. The 
Doppler indices V? T, MD, V, and MA fell 
by 437%, 377%, 274%, and 23% 
respectively from their baseline values 
(p < 0-001). The relative sensitivities of 
the Doppler indices to ischaemia 
were VIT > MD (p«002, MD> 
(p « 0:001), and V > MA (p < 0:01). The 
impairment of global left ventricular 
function resulting from brief balloon 
inflation during single vessel angioplasty 
was reversible in all the patients. 

Conclusions—The Doppler indices 
VIT, MD, V, and MA are all sensitive, in 
order of magnitude, to falls in global 
cardiac function resulting from 
ischaemia. They may prove useful for 
assessing cardiac function during 
ischaemia in the clinical setting. 


Balloon inflation during percutaneous trans- 
luminal coronary angioplasty produces con- 
siderable global and regional impairment of 
left ventricular function.'? This impairment 
was reversible after brief periods of balloon 


occlusion in cases of angioplasty in single 
vessel disease.?* A carefully controlled study 
has shown that after balloon deflation, indices 
of left ventricular systolic function return to 
normal within 40 s of reperfusion? The 
changes in various Doppler indices of cardiac 
function during myocardial ischaemia have 
been studied in dogs? and in the exercising 
patient.” ê Doppler echocardiography has been 
successful in demonstrating changes in left 
ventricular function during angioplasty? but 
there has been little written about the relative 
sensitivities of Doppler indices in the angio- 
plasty model of ischaemia. The purpose of 
this study was to assess the sensitivities of 
various Doppler indices to changes of cardiac 
function during and after coronary artery 
balloon occlusion. 


Patients and methods 

PATIENTS 

We studied 16 patients (two women and 14 
men), mean age 55 (range 40-70) years. 
Patients had stable limiting angina despite 
medical treatment. All the patients were in 
sinus rhythm and none had valve disease. Bach 
patient gave informed verbal consent before 
the start of the study. Before enrolment 
patients were assessed for the presence of a 
suprasternal echocardiographic window that 
gave clean continuous Doppler signals of 
ascending aortic flow. 


CORONARY ANATOMY 

The 16 patients enrolled in the study required 
left anterior descending coronary artery angio- 
plasty. The target stenoses had a mean value of 
84% (range 75—90) and all allowed anterograde 
flow of contrast. Hight patients had single vessel 
disease and eight patients multivessel disease. 
In the multivessel disease group the diseased 
vessels associated with the target vessel had 
stenoses with a mean value of 75-8% (range 50— 
100) (table 1). None of the patients with single 
vessel disease had significant collateral supply 
to the target vessel. Of the eight patients with 
multivessel disease, four had ventriculographic 
evidence of pre-existing mild myocardial 
hypokinesia in the territory of the non-target 
vessel. These four patients had occlusions of 
their right coronary arteries, with three of them 
receiving a collateral supply (Rentrop grade 
3-4?) from the target vessel. 

There was no significant difference in the left 
ventricular ejection fractions between the 
groups of patients with single vessel and 
multivessel disease: mean values were 
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Table 1 Distribution of coronary artery disease in 
patients with multivessel disease undergoing angioplasty 





Target LAD RCA LCx 


Panent; — (96) (95) | (96$) Collaterals 

1 85 100 0 LAD > RCA (3) 
2 95 100 — 50 0 

3 90 50 0 0 

4 80 100 50 LAD > RCA (4) 
5 80 0 60 0 

6 90 50 90 0 

7 80 0 70 0 

8 70 100 — 90 LAD + RCA (4) 


LAD, left entemor descending coronary artery, LCx, 
ex coronary artery; RCA, right coronary artery; 
Rentrop gradings in parentheses 


52% (range 40-65) and 69% (range 32-90) 
respectively. 


PROTOCOL FOR PERCUTANEOUS TRANSLUMINAL 
CORONARY ANGIOPLASTY. 

All patients underwent angioplasty from the 
right femoral artery after insertion of an arterial 
sheath. A standard drug regimen was started at 
least 48 hours before the procedure. f-Blocking 
drugs were stopped and the patients were 
started on oral 300 mg aspirin, 20 mg 
nifedipine, and 10 mg isosorbide dinitrate. An 
infusion of isosorbide dinitrate (3 mg/h) was 
started two hours before and continued 
throughout the procedure and patients were 
fully heparinised. We used non-ionic contrast 
medium and a steerable guide wire angioplasty 
system. 


DOPPLER SYSTEM 

Ascending aortic blood velocity was evaluated 
transcutaneously from the suprasternal notch 
by a conventional continuous wave Doppler 
transmitter and a receiver operating at 2-0 
MHz (Doptek decoder). The transducer was 
mounted on a spring loaded carriage held in a 
constant position by an adjustable frame. The 
position of the mechanical frame holding the 
transducer was set when a clean, continuous 
Doppler signal of maximum amplitude was 
obtained. Occasionally the transducer position 
was moved inadvertently by the patient but its 
position was rapidly corrected and a verbal note 
made into a roving microphone. This enabled 
us to avoid analysing unrepresentative Doppler 
signals recorded at the time of readjustment of 
the transducer. ‘The received Doppler-shifted 
blood velocity signal was processed by Fourier 
analysis at a sampling rate of 5 ms and a spectral 
velocity envelope was displayed. Digital 
callipers allowed measurement of peak velocity 
to the nearest cm/s and time to the nearest 
2:5 ms. 

All signals obtained throughout the angio- 
plasty procedure were recorded on to magnetic 
tape by an on line tape recording system. A 
roving microphone with an input into the 
recording system allowed events to be verbally 
recorded simultaneously with the recording of 
the Doppler signal. 


DOPPLER MEASUREMENTS 

Continuous wave Doppler recordings were 
obtained in supine patients at rest within the 
catheter laboratory throughout the angioplasty 
procedure. Digital callipers were used to 
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measure peak velocity (V), time from onset of 
signal to peak velocity (I), heart rate, and 
Stroke distance from the recorded signals. 
Thesemeasurements were made from five clear, 
nearly consecutive Doppler signals obtained at 
each of the following times: just before an 
inflation (baseline), at the end of a balloon 
inflation, and 120 s after balloon deflation. A 
mean of 8-7 consecutive signals (range 5-14) 
were measured on the initial baseline, and 
timing these as close to balloon inflation as 
possible allowed most of these measurements 
to be made at the time the deflated balloon 
catheter was across the lesion. 


DATA ANALYSIS 

We calculated V^/T (a correlate 
dP/dt) and MA (mean acceleration = V/T) 
from all measurements of V and T. The 
Doppler indices V, V?/T, and MA were 
considered as indicators of the contractile state 
and minute distance corrected for baseline 
heart rate (MD) as an index of cardiac output. 
Corrected minute distance was calculated as 
stroke distance x baseline heart rate. 

The standard deviation (SD) and coefficient 
of variation were calculated for the initial 
baseline values of heart rate, V, MA, MD, and 
V?l'T. We considered that subsequent changes 
in the magnitude of the Doppler indices that 
occured during balloon inflation weresignificant 
if the mean value decreased more than two SDs 
calculated from the initial baseline. Significant 
changes in cardiac function were deemed to 
occur in a patient during balloon inflation if 
three or more of the Doppler indices V, MA, 
V7/T, and MD were significantly depressed. 

For those patients showing a significant 
change in cardiac function during balloon infla- 
tion, the percentage change of a Doppler index 
from its baseline value was calculated as 
% d _ baseline value aon value x 100 
Significant differences in the magnitude of 
change for each of these Doppler indices 
during a balloon inflation were analysed to 
determine the relative sensitivity of each 
Doppler index to the ischaemic insult. Analysis 
was by statistical comparison of the percentage 
change from the baseline of each Doppler index 
during the inflation period and at 120 s after the 
final inflation. 


of peak 


STATISTICAL ANALYSIS 

The SD and coefficient of variation were cal- 
culated from the initial baseline values for each 
Doppler index. Subsequent changes in the 
indices were considered significant if they 
exceeded twice the SD. A two tailed t test was 
used to determine thesignificance of any change 
in the Doppler index. A paired t test was used 
to find the relative sensitivities of Doppler 
indices to changes in cardiac function. Statis- 
tics were performed on a Hewlett Packard HP- 
28S scientific calculator and with an Oxstat 
statistical package. 


Results 
Sixteen patients had a total of 33 inflations with 
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Table 2 Mean values of baseline Doppler tndices for snflations m patients showing significant reductions in three 
plasty 








Doppler indices during angiop 
Ist Inflation 2nd Inflation 3rd Inflation 4th Inflation 
Patient HR V WIT MA MD HR V VIT MA MD HR V WIT MA MD HRV V'[T MA MD 
l 66 652 577 088 720 65 78 78 1 799 
2 61 718 103 en ien 
3 73 818 128 15 
4 58 628 617 098 621 66 72 864 12 818 60 71 859 12 786 
5 93 663 692 104 824 84 70 71 1-01 863 
6 89 43 237 055 746 92 is A "o e 
7 73 574 52 091 790 5657 55 097 590 59 
8 91 50 29 058 830 95 56 418 075 874 92 48 34 O71 81] 90 50 342 069 754 
9 54 R85 121 139 696 
10 120 478 32-1 067 941 117 54 435 081 779 
11 85 67 93 1:39 574 64 79 138 175 629 
12 T! 73 100 1-4 717 


a cha UI Aldi] 
HR, heart rate (beats/min), V, peak velocity (cm/s); T ume from onset to peak velocity (s); MD, minute distance corrected for 
baschne cm] disease; 


heart rate (cm); MA, mean acceleration ( 


g x 10°). Patents 1-8, mulu 


; patients 9-12, single vessel 


Table3 Mean values of Doppler indices after 60 s inflation in patients showing sigmficant reductions in three Doppler 





indices during angioplasty 
Ist Inflation and Inflation 3rd Inflanon 4th Inflation 
Parent HRV VT MA MD HR V V|T MA MD HRY VIT MA MD HRV V'|T MA MD 
1 67 66 61-5 091 780 65 51 343 067 490 
2 38 48 51 11 532 
3 63 64 64 10 397 
4 72 44 40 O91 516 51 58 557 096 459 53 513 477 093 411 
5 92 62 565 O91 795 84 58 481 082 755 
6 0 29 153 053 357 93 25 89 035 375 
7 61 44 328 0-75 416 39 282 072 335 60 41 28 068 400 
8 95 39 208 053 505 34 39 224 057 448 91 39 22 056 442 89 36 207 057 396 
9 62 716 79 11 442 
10 121 29 129 045 531 104 25 116 046 362 
l1 90 60 65 109 420 88 75 125 166 602 - 
12 69 56 56 10 631 


For explanations sce footnote to table 2. Underlined figures indicate no significant reduction in values from baseline. 


Table 4 Initial and final baseline mean values of Doppler indices tn patients showing significant reductions in three 











Doppler indices during angioplasty 
Initial baseline Final baseline 

Panent HR V VAT MA MD HR V PFT MA MD 
1 66 (0) (0) 65 2 (3 2) (5) 57-7(11-9) (20) 088(014)(16)  720(44 6) (6) 64 71 74110 794 
2 61 (1-13) (2) 71-8(42)(6) — 103 (14) (14) 143(014)(10) 660(100)(15) 56 74 96 13 509 
3 73 (0 89) 81-8 (4 2 5) 128 (21-6) (17) 1:56 (0 22 t 858 (89) (10) 52 112 208 19 642 
4 58(11)(2 . 628(15)(2) 61 7 (3 2) (5) 0-98 (0 04) (4) 621 (39) (6) 54 65 767 118 650 
5 93 (0 6) d 66 3 (3 2) (5) 69-2(9-7) (14) 104(01)(10) 824(54)( 84 68 68 10 819 
6 90 (0 8) (0-9) 465(2 9) (6) 27 8 (3 6) (13) 0 57 (0-07) x 710 (69) (10) 93 59 512 087 964 
7 73(76)(000) 57-4 (1-64) (3)  À52(46)(9) 0 91 (007) (8) 790 (91 2) (11) 61 56 52 093 618 
8 91 (12) (1) 50 (2-4) (5) 29 (1 6) (6) 0 58 (0 03) (5) (70) (8) 54 41:1 076 757 
9 54 (0 7) (1) 885(3D (4)  121(89) (7) 1-39 (0 08) (6 696 (44) 57 89 121 136 481 

10 120 * 7)(06 478(295)(6) 2321(29)(12)  067(005 941 (50) ? T] 61 539 088 662 

11 85(19)(2) 67 ( 6) @ 93 (8-4) (9 1 4 (0-11) (8) 574 (44) (8 78 90 147 17 890 

12 77 (0-8)(1) . 73(43)(6) 100 (15 4) (15) 14(018)(12 . 717 3e t 71 75 102 136 923 


Initial baseline values and mean (SD) (coefficient of variation 96). Final baseline values are means only. For other explanations see 


footnote to table 2. 


a mean duration of 58 5 s per inflation. Fifteen 
inflations were performed in patients with 
single vessel disease and 18 inflations in patients 
with multivessel disease. Of the 16 patients 
undergoing angioplasty, 12 had significant falls 
(p « 0:001) in three or more Doppler indices 
during one or more inflations. This occurred in 
all patients with multivessel disease (tables 2 
and 3). We found no significant fall in Doppler 
indices when the first baseline was compared 
with the final baselines (table 4). In fact a 
significant increase (p « 0-001) in two or more 
Doppler indices occurred in five patients (31%) 
at 120 after the end of the final inflation. Three 
of these five patients had single vessel disease 
and two had multivessel disease. The relative 
sensitivities of the Doppler indices to changes 


in cardiac function were V*/T, MD, V, and MA 
in order of magnitude. The significance levels in 
comparisons between V?/T and MD, MD and 
V, and V and MA were p < 0-02, p < 0-001, 
and p < 0:01 respectively (table 5). 


Discussion 

This is the first report of the relative 
sensitivities of Doppler indices to changes in 
global cardiac function that occur during 
controlled myocardial ischaemia produced by 
coronary angioplasty. Angioplasty produces a 
regional myocardial dysfunction in the mass of 
cardiac muscle supplied by the coronary artery 
undergoing balloon occlusion and, as in this 
study, past reports have also shown changes in 


MA 
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TableS Mean percentage change (SD) in Doppler indices of all patients having 
significant falls tn three Doppler indices during balloon inflation and the relative 
sensittuities of these Doppler indices to change 
VT MD V MA 

Percentage 

change 43 71 (12:6) 37:71 (12 8) 27 38 (10 3) 23 (9-93) 
Sensitivity VYT > MD MD>V V> MA 

of index p<002 p < 0001 p<001 


For explanations see foomote to table 2. 


global cardiac function during angioplasty.’ 
The global left ventricular function that results 
from balloon occlusion represents an interplay 
between the reduced contractility of the 
ischaemic region of myocardium and the 
compensating hypercontractility of the non- 
ischaemic cardiac muscle. For this reason, 
while indices of global left ventricular function 
are not an accurate measure of regional 
myocardial dysfunction they do reflect overall 
haemodynamic cardiac performance in a 
patient during an ischaemic insult. Doppler 
echocardiography has advantages over other 
techniques for assessment of global left 
ventricular function during angioplasty; it is 
entirely non-invasive and allows continuous 
recording during and after each coronary 
occlusion. Cross sectional echocardiography 
successfully detects changes in left ventricular 
wall motion during balloon occlusion of the 
coronary artery?*! Doppler echocardio- 
graphy has been used to detect changes in left 
ventricular function during angioplasty in 
patients with poor collateral supply to their 
target vessel? The disadvantages of Doppler 
echocardiography are variability of sampling 
axis, beat to beat variability in signal size, and 
interobserver variation. In our study we held 
the transducer sampling axis constant in 
relation to the patient by mounting the 
transducer on an adjustable metal frame. The 
game operator made measurements on all 
Doppler signals. We lessened the effect of beat 
to beat variability by averaging the 
measurements from five nearly consecutive 
Doppler signals recorded immediately before 
and at the end of the balloon inflation. It was 
difficult always to obtain consecutive signals of 
requisite quality but when this situation arose, 
we chose signals that were nearly consecutive. 
We considered a significant change in the value 
of a Doppler index to have occurred if the 
change in magnitude exceeded two SDs as 
calculated from the initial baseline. 

In some patients the baseline values of the 
Doppler indices fluctuated substantially bet- 
ween inflations. This may have resulted from 
the smaller number of Doppler signals 
measured to obtain subsequent baseline values 
after the initial baseline recording. Therefore, 
in some cases, a decline in the values of Doppler 
indices from their baselines occurring during 
the balloon inflations after the first inflation 
may have under or overestimated the real 
magnitude of change in the Doppler index. 
This potential error has been reduced by 
ensuring that analysis of changes of individual 


Doppler indices was undertaken only in those 
patients who had a fall in three or more 
Doppler indices from their baseline. This 
improved the specificity when the changes that 
occurred within an individual Doppler index 
were analysed. Furthermore, all four Doppler 
indices fell in all inflations after the first, except 
for patient 6. We found a fall in MD during all 
inflations after the first in every patient. This 
more functional Doppler index of cardiac func- 
tion was measured from reference points on the 
Doppler signal that were different from those 
used in measuring the other indices. This adds 
further support to the view that the significant 
falls from the baselines in Doppler indices, 
during balloon inflation, reflect real decreases in 
global cardiac function and that the apparent 
variability in the baseline values has not led us 
to false conclusions. 

Doppler echocardiography to measure peak 
acceleration has been used to assess systolic 
function during angioplasty; other studies 
have used the Doppler determined stroke 
integral index of mitral inflow” to investigate 
changes of cardiac function during angioplasty. 
The Doppler indices measured in this study are 
all indicators of global systolic left ventricular 
performance. Mean acceleration has been used 
effectively to assess changes in left ventricular 
contractility during myocardial ischaemia.” 
The index of peak velocity has been shown to 
be significantly reduced during ischaemia in 
animal? !* and clinical studies." ? In a previous 
study we showed a good correlation between 
the index V?/T and left ventricular peak dP/ 
dt.'^ Doppler indices incorporating V were not 
significantly affected by heart  rate.*? 
Consequently we did not correct the Doppler 
indices V, MA, and V?/T for heart rate in our 
study. Indices of cardiac output are affected by 
heart rate’ and we corrected the minute 
distance accordingly. Although aortic pressure 
influences peak velocity,* previous careful study 
has not shown a significant change in mean 
aortic pressure during angioplasty.’ 


CHANGES IN DOPPLER INDICES OF LEFT 
VENTRICULAR FUNCTION DURING INFLATIONS 
We defined changes in cardiac function during 
an inflation as significant if three or more 
Doppler indices decreased significantly from 
the baseline during that inflation. This defini- 
tion increases the specificity of the positive 
results at the expense of the sensitivity. The 
finding of significant lowering of Doppler 
indices of cardiac function during balloon 
inflation accords with other reports that have 
shown decreases in Doppler indices and 
invasive indices of cardiac function.! ^? In four 
patients with single vessel disease no significant 
fall in Doppler indices occurred during balloon 
occlusion. This may have been due to a 
compensating hypercontractility of the non- 
ischaemic myocardium or possibly recruitment 
of a collateral circulation.'? 


CHANGES OF DOPPLER INDICES OF LEFT 
VENTRICULAR FUNCTION AFTER INFLATION 

We found no difference in the size of reductions 
in Doppler indices when we compared the first 
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inflations with the last inflations and the first 
baselines with final baselines. This supports 
other studies that found a reversible impair- 
ment of left ventricular function after brief 
periods of ischaemia.?? The conditions for the 
occurrence of a prolonged impairment of left 
ventricular function were optimal in the 
patients with multivessel disease and apparent 
lack of collateral supply to the target vessel. 
In particular the four patients with occluded 
right coronary arteries and mild myocardial 
hypokinesia would have been susceptible to 
prolonged impairment. Yet in our study this 
group of patients tolerated the after-effects of 
ischaemia as well as patients with single vessel 
disease. In 31% of patients there was a sig- 
nificant rise in the Doppler indices at 120 s after 
the final inflation. 'T'his increase in the value of 
Doppler indices occurred both in patients who 
did and those who did not show a fall in the 
Doppler indices of cardiac function during 
balloon inflation. It was also not related to the 
presence or absence of multivessel disease. 
This phenomenon has been described 
previously and hypercontractility of the 
reperfused myocardial wall* secondary to reac- 
tive hyperaemia in the target vessel" probably 
accounts for it. 


SENSITIVITY OF DOPPLER INDICES TO CHANGES 
IN LEFT VENTRICULAR FUNCTION 

The Doppler indices of contractility (V*/T) 
and cardiac output (MD) were the most 
sensitive indicators of changing cardiac 
performance after the ischaemic insult of 
angioplasty. Both of these indices are more 
sensitive than V, which is known to be very 
sensitive to changes in left ventricular 
performance." The indices V?/T and MD are 
indicators of global cardiac contractility and 
cardiac output respectively. As such, they give 
a dynamic as well as functional assessment of 
global cardiac performance, much like the use 
of ejection fractions. The value of using 
Doppler indices of cardiac function lies in 
their ability to monitor non-invasively and 
continuously the changes in global cardiac 
performance that occur during and after 
myocardial ischaemia in an individual patient. 
They do not measure the regional myocardial 
dysfunction and are therefore not a useful 
measurement of i mass of ischaemic myo- 
cardium. 

In conclusion, we used Doppler indices of 
aortic blood flow to measure changes in cardiac 
function during balloon occlusion of the 
coronary arteries. We have shown that the 
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indices V?/T, MD, V, and MA are sensitive to 
changes in global cardiac function during 
balloon occlusion. The more sensitive indices, 
V*ll and MD, may be useful in clinical 
practice to assess global changes in cardiac 
performance. 
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von Willebrand factor in plasma: a novel risk 
factor for recurrent myocardial infarction and 


death 


Jan-Hákan Jansson, Torbjorn K Nilsson, Owe Johnson 


Abstract 

Objective—To evaluate as predictors 
of reinfarction and mortality tissue plas- 
minogen activator antigen and activity 
before and after venous occlusion, plas- 
minogen activator inhibitor, von 
Willebrand factor, and established risk 
factors. 

Design—Prospective study with a 
mean observation time of 4-9 years. 

Setting—Secondary referral centre, 
the Department of Internal Medicine, 
University Hospital of Umea. 

Patients—123 consecutive survivors of 
myocardial infarction under the age of 
70 years. 

Main outcome measures—Reinfarc- 
tion and deaths from all causes. 

Results—23 patients died and 36 
patients had at least onc reinfarction. 
High concentrations of von Willebrand 
factor were independently associated 
with both reinfarction and mortality. A 
history of angina at entry into the study 
was also independently associated with 
reinfarction and mortality. Hyperten- 
sion was independently associated with 
mortality but not with reinfarction. 
None of the fibrinolytic or lipid variables 
was associated with reinfarction or 
death. 

Conclusion—A high concentration of 
von Willebrand factor was a novel index 
of increased risk for reinfarction and 
mortality in survivors of myocardial 
infarction. 


Fibrinolysis was compromised in survivors of 
myocardial infarction by an increase in basal 
plasminogen activator inhibitor activity and 
reduced tissue plasminogen activator activity 
after the venous occlusion test.! ? Similar find- 
ings were reported in patients with angina.?? 
In one report increased plasma plasminogen 
activator inhibitor activity was found to be an 
independent risk factor for reinfarction and 
cardiac death among young survivors of 
myocardial infarction, and in another study 
tissue plasminogen activator antigen was 
significantly associated with cardiovascular 
events in patients with severe angina pectoris.’ 
Low fibrinolytic activity has also been 
implicated as risk factor for restenosis after 
aortocoronary bypass surgery? and percutan- 
eous transluminal coronary angioplasty." The 
key fibrinolytic components—tissue plasmin- 
ogen activator and plasminogen activator 


inhibitor—can be regarded as novel cardio- 
vascular risk factors. 

Plasma concentrations of von Willebrand 
factor are increased in disorders that affect the 
vascular system, such as systemic lupus eryth- 
ematosus,'? lupus anticoagulans,!! thrombotic 
thrombocytopenic purpura,” pregnancy 
induced hypertension,” diabetes mellitus," 
cerebrovascular disease," and deep vein 
thrombosis." Thus increased concentrations 
of von Willebrand factor may be important in 
the pathogenesis of cardiovascular disease. 

In the present study, a long term follow up 
of our earlier cross sectional study? of 
survivors of myocardial infarction, we have 
compared tissue plasminogen activator, plas- 
minogen activator inhibitor, and von 
Willebrand factor with previously established 
risk factors as predictors of reinfarction and 
mortality from all causes. 


Patients and methods 
PATIENTS 
This study is based on 131 consecutive 
survivors of myocardial infarction aged less 
than 70 years who were followed up at the 
outpatient clinic of the Department of Internal 
Medicine, University Hospital of Umea bet- 
ween 20 November 1982 and 28 November 
1983. Blood samples were collected three 
months after discharge from hospital. One 
patient died before sampling. We also excluded 
four patients with uncertain diagnosis, one 
patient in whom blood sampling failed, and two 
patients in whom clinical data were unaccess- 
ible. The remaining 123 patients, 95 men and 
28 women, were included in the present study. 
At infarction tbe mean (SD) age of the 
patients was 59-0 (8-0). Thirty six were smok- 
ers and 15 had diabetes mellitus. Table 1 shows 
the clinical and metabolic data. 


FOLLOW UP STUDY PROTOCOL 
In November 1988 the patients! records were 
searched for deaths and myocardial infarctions. 


Table! | Chmcal characteristics of 123 survivors of 
myocardial infarction 


Number or mean 
J 


Variable (SD 

Age (years) (mean (SD)) 59 0 (8 0} 
Hypertension (n) 37 

Diabetes mellitus (n) 15 

Smokers (n) 36 

Previous angina pectoris (n) 66 
Triglyceride (mmol/} (mean (SD)) 212(101 
Cholesterol (mmol/D (mean (SD)) 7 00 (1 39) 
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Death certificates were obtained for all patients 
who had died. No patient was lost at follow-up. 
Myocardial infarction was diagnosed according 
to the World Health Organisation criteria." 
The cause of death was taken from the death 
certificates. The term “‘any event" used in the 
statistical analyses indicates reinfarction or 
death. 


BLOOD SAMPLING AND LABORATORY PROCEDURE 

Three months after discharge from hospital 
blood samples were collected at rest and after 
10 minutes venous occlusion (100 mm Hg for 
10 minutes) and assayed for tissue plasminogen 
activator activity, tissue plasminogen activator 
antigen, and von Willebrand factor. Plasmin- 
ogen activator inhibitor activity was measured 
only at rest. Assays of tissue plasminogen 
activator activity and plasminogen activator 
inhibitor activity were performed by a 
chromogenic substrate assay. Tissue plasmin- 
ogen activator antigen and von Willebrand 
factor were measured by an ELISA. For fur- 
ther details see Nilsson and Johnson.? 


STATISTICAL ANALYSIS 

We used the Statistical Analysis System for 
statistics and analyses.? Standard summary 
statistics were used to summarise and illustrate 
the features of the data of interest. 

To illustrate the relation between a possible 
prognostic factor and the incidence of reinfarc- 
tion or mortality we divided baseline variables 
into quartiles, and calculated the incidence of 
events in each quartile per 100 patient years. 
These quartiles were not used to test relations. 
To test for a relation between a baseline 
variable and the incidence of reinfarction or 
mortality we used a Cox regression analysis.'® 
Variables having a statistically significant rela- 
tion with the incidence of events in a univariate 
analysis were further studied in a multivariate 
analysis. For each model we calculated a statis- 
tic (R) that measures the predictive ability of 
the model. R? = (model y* — 2p)/— 2L(0)) 
where p is the number of variables in the model 
and L(0) is the log likelihood with no variables 
in the model—that is all regression coefficients 
set to 0. Individual R statistics, partial Rs, were 
also calculated for each variable in a model. 
These are defined as R = (MLE y? — 2)/(— 
2L(0)! and the sign of the corresponding 
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a 12 24 38 48 60 72 
Time (months) 
123 117 110 106 105 94 48 


108 98 91 85 75 40 
No of patients at risk 


Figure 1 Lafe table showing the proportion of patients 
alwe (solid Itne) , remaining free of reinfarction (dotted 
hne), or remaining free from any event (broken lme). 

numbers given underneath the graph shoto the number 
of patients at risk (uper row alive; lower row, free of 
reinfarction). 
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regression coefficient is attached to R. R values 
are between — 1 and + 1 and provide a 
measure of the contribution of variables inde- 
pendent of the sample size. We used the Mann- 
Whitney test to compare groups with and 
without events. Two tailed tests were per- 
formed and p values below 0-05 were regarded 
as statistically significant. 


Results 

The mean follow up time was 4:9 years. In the 
course of follow up 23 patients died (including 
four patients with fatal myocardial infarction) 
and 36 patients had at least one myocardial 
infarction (four fatal and 32 non-fatal). Figure 
1 shows the life tables for the proportion 
remaining free of reinfarction, death, and any 
event. À 34 year old drug addict died from an 


„overdose of methadone and one patient died 


from pulmonary thromboembolism. All the 
other 21 deaths were due to coronary heart 
disease. 

The concentration of von Willebrand factor 
was significantly higher in the group with 
reinfarction and in the group of patients that 
died during follow up than in the groups 
without these events (table 2). There were no 
significant differences 1n the fibrinolytic vari- 


Table 2. von Willebrand factor, fibrinolytic variables, and lipid variables according to the different outcome variables: 





Alroe Dead No reinfarction Rewyarction No event Any event 
Vanable n Mean CI n Mean CI n Mean CI n Mean CI n Mean CI n Mean CI 
vWf(9sofnormal) 100 143 13100155 23 177 157 tọ 196* 87 138  128to149 36 176  152:0200* 78 134 1230144 45 176  156to196f 
vWF occlusion 
(% of 98 188 17510202. 23 228 2041 253* 86 185 17210199 35 222 196to247* 77 182  168:0195 44 221 199 to 243* 
tPA acnvity (U/ml) 100010 008to012 23 013 00910017 87 010 0080012 36 O11 00910013 78 010 008:0012 45 012 00810016 
tPA activity 
occlusion (U/ml) 9820 141026 23 20 12028 86 20 14026 35 20 12028 77 20 14026 44 21 141028 
tPA anugen (ug/T) 100 115 106to124 23 132 103tco161 87 119 1080130 36 116 100m132 78 117 1070127 45 121 1040138 
tPA 
e N) 98 364 31500413 23 406 277t0o535 86 376 32310429 35 363 2670459 77 368 314to422 44 380 29310467 
PAI (U/ml) 100100 87:0113 23 97 68w126 87 105 91toll9 36 88 68m108 78 104 90to118 45 91  ÁT1tolll 
Triglycerides 
(mmol/l) 8720 181022 18 25 18:032 77 21 19:023 28 21 18025 70 21 191023 35 22 181026 
Cholesterol 
(mmol/l) 89 70 67173 18 73 67079 78 70 670273 29 69 Á 641074 71 70 67w73 3 69  Á 651073 


*p<001,tp < 0001. 
CI, 95% confidence interval, vWF, von Willebrand factor, tPA, tissue plasminogen acnvator, PAI, plasminogen activator mhibitor. 


von Willebrand factor and retnfarction 


Figure Z2 Incidence of 
reinfarction tn relation to 
von Willebrand factor at 
rest and after venous 
occlusion. 
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Table 3 Relation between risk factors and cardiovascular events (univariate Cox regression analysis) 


Mortality 
Variable R P 
Age > 040 
Sex 0-23 
Smoking > 040 
Hypertension 013 0018 
Diabetes > 040 

017 0 005 
Triglyceride 0 090 
Cholesterol 037 
ASAT > 040 
vWF 0 13 0 016 
vWF occlusion 0 14 0011 
tPA activity 0 27 
tPA acnvity occlusion > 049 
tPA-s > 040 
tPA-s occlusion > 040 
tPA antigen 010 
tPA antigen occlusion > 040 
PAI > 040 


Reinfarction 


Any event 
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R, partial R statistic, see statistical methods; ASAT, aspartate aminotransferase, vWE, von Willebrand factor; tPA, nssue 
plasminogen activator, tPA-s, measurements in acidified blood; tPA activity, measurements in acidified plasma; PAI, plasminogen 


activator mhibitor. 


ables between the group with events and the 
group without. 


PROGNOSTIC FACTORS FOR REINFARCTION 
Univariate Cox regression analyses showed 
that three of the variables studied were asso- 
ciated with reinfarction (table 3), Reinfarctions 
were more common in patients with previous 
angina and were positively associated with the 
concentration of von Willebrand factor both at 
rest and after venous occlusion (fig 2). The 
increase in the number of reinfarctions with 
increasing concentrations of von Willebrand, 
from the second to the fourth quartile accords 
with the close correlation between these two 
variables. 


PROGNOSTIC FACTORS FOR MORTALITY 

In univariate Cox regression analyses we found 
four of the studied variables to be associated 
with mortality (table 3). Of the primary risk 
factors for coronary heart disease, only hyper- 


Incidence {per 100 patient - years) 


Incidence (per 100 patient - years) 





von Willebrand factor (quartiles) 


tension was significantly associated with mor- 
tality; whereas age, sex, smoking, diabetes 
mellitus, serum cholesterol and triglyceride did 
not show a significant association. Those 
patients who had had angina at entry to the 
study were more likely to die. Figure 3 shows 
the number of deaths through quartiles one to 
four of the von Willebrand factor at rest and 
after venous occlusion. For both variables the 
number of deaths increased with increasing 
concentrations. 


PROGNOSTIC FACTORS FOR ANY EVENT 

In univariate Cox regression analyses we found 
three of the studied variables were associated 
with the occurrence of “‘any event” (table 3). 
The incidence of “any event" was more com- 
mon in patients with previous angina, and was 
positively associated with von Willebrand fac- 
tor at rest and after venous occlusion. Figure 4 


incidence (per 100 patient - years) 





After venous occlusion 


Incidence (per 100 patient - years) 





von Willebrand factor (quartiles) 


Figure 3. Incidence of mortality in relation to von 
Willebrand factor at rest and after venous occlusion. 
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Fwure4 Incidence of 
any event tn relation to 
von Willebrand factor at 
rest and after venous 
occlusion. 


At rest 


Incidence (per 100 patient - years) 





Incidence (per 100 patient- years) 





von Willebrand factor (quartiles) 


shows the number of any events through quar- 
tiles one to four of the von Willebrand factor at 
rest and after venous occlusion. Except for the 
first quartile both variables show an increasing 
number of any events with increasing concen- 
trations. 


MULTIVARIATE COX REGRESSION ANALYSES 

All variables with p < 0-05 in univariate 
regression (table 3) were included in multi- 
variate analyses (except that the two von 
Willebrand factor variables, which are closely 
interrelated, were not included simultan- 
eously), with reinfarction, mortality, and any 
event as dependent variables. The analyses 
were based on the 23 deaths and 99 living 
patients (35 patients with reinfarction and 87 
patients without reinfarction; 45 with any event 
and 77 without any event) for all of whom data 
were complete. Previous angina and von 
Willebrand factor each made an independent 
contribution to the prediction of reinfarction 
and of any event (table 4). Hypertension, 
previous angina, and von Willebrand factor 
each made an independent contribution to the 
prediction of death (table 4). 


Discussion 
We found that high concentrations of von 
Willebrand factor, either at rest or after venous 


Jansson, Nilsson, Johnson 


occlusion, were independently associated with 
reinfarction and mortality. 

von Willebrand factor is synthetised by the 
vascular endothelium? and megakaryocytes.?! 
It is an essential factor in primary haemostasis, 
and a hereditary deficiency of von Willebrand 
factor is associated with a bleeding disorder, 
von Willebrand disease. Increased concentra- 
tions of von Willebrand factor were associated 
with previous myocardial infarction in case- 
control studies,” ? and we found a tendency for 
patients to have higher concentrations than 
controls, but this difference did not reach statis- 
tical significance.^ In an earlier study on 
survivors of myocardial infarction the patients 
who died within a year had significantly higher 
concentrations of von Willebrand factor.^ In 
that study the blood samples were taken within 
the first week of admission and may thus have 
been affected by a non-specific acute phase 
reaction. There is also one study that showed 
no difference between survivors of myocardial 
infarction and controls,’ but the patients in that 
study were younger, less than 45. In a longi- 
tudinal population study, there was a tendency 
for ischaemic heart disease events to increase 
with increasing concentrations of factor VIII 
(which correlates closely with the concentra- 
tion of von Willebrand factor), but the associa- 
tion was not significant.? 

Increased concentrations of von Willebrand 
factor have also been associated with clinical 
severity of angina,” deep venous thrombosis," 
and ischaemic cerebrovascular disease." "$ 
These case-control studies tend to support the 
hypothesis that a high concentration of von 
Willebrand factor is an index of atherosclerosis 
or of increased risk of thromboembolic com- 
plications or both. Moreover, high concentra- 
tions of von Willebrand factor seem to be 
correlated with high concentrations of athero- 
genic growth factors.”’ In a previous prospec- 
tive study high concentrations of von 
Willebrand factor were associated: with an 
increased incidence of thromboembolic events. 
In that study, high concentrations of von 
Willebrand factor in preoperative samples were 
correlated with an increased risk of post- 
operative deep vein thrombosis after major 
abdominal surgery.” 

von Willebrand factor has a role both in 
adhesion and aggregation of platelets and in 
coagulation. It is reasonable to assume that 
increased concentrations of von Willebrand 
factor may increase the risk of thrombus forma- 
tion, at least in patients with pre-existing 
vascular wall disease such as coronary artery 
disease. On the other hand, endothelial damage 
in atherosclerotic coronary arteries may result 


Table 4 Relation between risk factors, reinfarction, and cardiovascular mortality (multivariate Cox regression 








analysis) 

Reinfarction Mortal:ty Any event 
Risk factor R p R Pp R P 
An 013 0 0164 0 14 0 0150 0 10 0 0135 
v at rest 011 0-0090 012 0 0280 015 < 0-001 
Hypertension 014 0 0135 





we yon Willebrand factor; R, partial R stanstic, see statistical metho 


ds. 


ariables showing a significant (p « 0-05) univariate association (table 2 and 3) were entered into the model. 


von Willebrand factor and reinfarction 


in thrombin generation, causing increased 
secretion of von Willebrand factor. Thus our 
prospective data established that increased 
concentrations of von Willebrand factor are an 
indicator of increased risk, although the precise 
mechanism(s) for this are not yet known. 

In our study there was no association bet- 
ween plasminogen activator inhibitor activity 
and reinfarction, death, or any event. This 
accords with our previous findings when we 
assessed plasminogen activator inhibitor as an 
index of risk for cardiovascular events in 
patients with severe angina pectoris and found 
that tissue plasminogen activator antigen con- 
centration but not plasminogen activator 
inhibitor activity, was significantly associated 
with cardiovascular events.” High concentra- 
tions of plasminogen activator inhibitor, 
however, were independently related to 
reinfarction in young (< 45 years) survivors of 
myocardial infarction.® 

Several of the established risk factors for 
myocardial infarction were not associated with 
reinfarction, death, or any event in the present 
study. This is probably because we did not 
study a large group of patients. This emphas- 
ises the potential value of von Willebrand 
factor measurements but does not mean that 
the other risk factors are unimportant. 

Changes in the concentrations of both fibrin- 
olytic variables and von Willebrand factor can 
be regarded as markers of endothelial cell 
dysfunction.”°'*” It may prove to be impor- 
tant to look for several markers of endothelial 
cell dysfunction when predicting cardiovas- 
cular events in patients with established coron- 
ary heart disease; and, moreover, the relative 
sensitivity of specific variables may vary with 
the population studied. 

We thus regard a high concentration of von 
Willebrand factor as a novel index of increased 
risk for reinfarction and all-cause mortality in 
survivors of myocardial infarction. 
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Increased concentrations of tumour necrosis 
factor in “‘cachectic’’ patients with severe chronic 


heart failure 


John McMurray, Ibrahim Abdullah, Henry J Dargie, David Shapiro 


Abstract 

Objective—To ascertain whether 
patients with cardiac failure and re- 
duced body weight (“cardiac cachexia”) 
have increased circulating concen- 
trations of tumour necrosis factor 
(cachectin). 

Design—Patients with cardiac failure 
were prospectively identified as “cachec- 
tic” (body fat <27% in men and <29% in 
women measured by skinfold thickness 
callipers) or “non-cachectic”. Tumour 
necrosis factor was assayed blind to 
patient group. 

Setting—Cardiology unit in a tertiary 
referral centre. 

Patients—26 consecutive patients (10 
women) (mean age 61) admitted for in- 
vestigation or treatment of chronic heart 
failure. All were in New York Heart 
Association class III or IV. 

Results—In nine of the 16 cachectic 
patients the concentration of tumour 
necrosis factor was increased (mean 
(SEM) 74 (20) pg/ml) compared with one 
of the 10 *non-cachectic" patients (22 pg/ 
ml, p < 0:001). Patients with a raised 
circulating concentration of tumour 
necrosis factor weighed significantly less 
(55-6 (3:5) kg) than those in whom the 
concentration of tumour necrosis factor 
was normal (69-0 (4:1) kg) (p — 0-02). 

Conclusions—Circulating | concentra- 
tions of tumour necrosis factor were in- 
creased in a significant proportion of 
patients with chronic heart failure and 
low body weight. Tumour necrosis factor 
stimulates catabolism experimentally 
and it may be a factor in the weight loss 
seen in patients with “cardiac cachexia”. 


Some patients with chronic heart failure suffer 
generalised wasting referred to as ‘“‘cardiac 
cachexia".! Inadequate nutritional intake is 
not thought to be the major aetiological fac- 
tor. Instead, it is suggested that cardiac 
cachexia is a catabolic state caused by the 
actions of a circulating factor.’ The same fac- 
tor is considered to be responsible for the 
cachexia characterising malignant conditions. 
Recently, a circulating polypeptide causing 
catabolism and, in laboratory animals, 
cachexia has been identified and labelled 
tumour necrosis factor or *cachectin".?^? We 
have measured tumour necrosis factor concen- 
trations and body fat content in patients with 
chronic heart failure. 


Patients and methods 

PATIENT POPULATION AND SKINFOLD 
MEASUREMENT 

Twenty six consecutive patients aged 31-81 
(mean (SEM) 61 (2) years), 10 of whom were 
female, admitted for investigation or treat- 
ment of chronic heart failure were studied 
with ethical approval and after giving infor- 
med consent. Chronic heart failure was secon- 
dary to coronary artery disease in 17, vaive 
disease in seven, idiopathic dilated car- 
diomyopathy in one, and congenital heart dis- 
ease in one. All patients were in New York 
Heart Association clinical class III or IV and 
were being treated with diuretics; most were 
receiving an angiotensin converting enzyme 
inhibitor and digoxin. Patients with significant 
concomitant disease (for example, infection, 
renal failure, pulmonary disease, thyroid dis- 
ease, malignancy, collagen-vascular disease) 
were not studied. Once treatment had been 
optimised, subcutaneous fat was measured— 
that is, in most cases immediately before dis- 
charge from hospital. We measured body fat 
content rather than body weight to avoid the 
potential complicating factor of residual fluid 
retention.® Using callipers, a single practised 
observer measured biceps, triceps, infra- 
scapular, and suprailiag skinfold thickness in 
quadruplicate (skinfolds over the lower part of 


_ the body were again avoided because retained 


fluid collects in dependent regions). The per- 
centage body fat content was derived from the 
sum of the mean of each of these measure- 
ments and standard tables.’ 

Patients were prospectively grouped as 
"cachectic" (males «2796, females <29% 
body fat) and “‘non-cachectic”’ groups on the 
basis of body fat content; these percentage 
estimates were based on typical values for our 
non-chronic heart failure patients and pub- 
lished data from a local population. 

Venous blood was also collected from five 
healthy controls for measurement of tumour 
necrosis factor. 


BLOOD COLLECTION AND TUMOUR NECROSIS 
FACTOR ASSAY 

A 10 mi sample of antecubital venous blood 
was taken into chilled potassium EDTA tubes 
from supine, resting subjects. These samples 
were immediately centrifuged at 4°C and the 
separated plasma stored at — 20°C until assay. 
All samples were assayed as a batch within 
two months of collection. Tumour necrosis 
factor was assayed without knowledge of 
which group patients belonged to, and 
whether the plasma was from a patient or 
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Figure 1 Plasma 
concentrations of tumour 
necrosts factor (pg/ml) in 
cachectic and non- 
cachectic patients with 
chrome heart failure. 
Lower limit of detection of 
assay (15 pejml); patients 
with concentrations be 

this are shown as open 
circles. 


Figure 2 Body mass 
(“weght’, kg) in patients 
with normal plasma 
concentrations of tumour 
necrosis factor ( O) and 
those with raised 
concentrations ( 9 ). 
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measured with a commercially available 
tumour necrosis factor a-radioimmunoassay 
(IRE-Medgenix, Brussels, Belgium)." 
Tumour necrosis factor should be undetect- 
able («15 pg/ml) in the plasma of healthy 
controls with this assay. The intra-assay and 
inter-assay coefficients of variation are 6:6% 
and 7-595. 


STATISTICAL ANALYSIS 

The "non-cachectic" and *cachectic" groups 
of patients were compared by the 7? test. 
Subsequently the “normal” and ‘“‘raised” 
TNF groups were compared by independent t 
tests. All values are given as mean (SEM). 
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Results 

Sixteen patients (11 male) were ''cachectic" 
(mean (SEM) body fat content 21 (1:2)%). Of 
these, nine (chronic heart failure due to coron- 
ary disease in seven, valve disease in one, and 
congenital] heart disease in one) had mixed 
circulating concentration (715 pg/ml) of 
tumour necrosis factor (fig 1).: Ten ‘patients 
were not cachectic (body fat 31 (1-0)%). Only 
one patient (with chronic heart failure due to 
coronary artery disease) in this second group 
had raised circulating concentration of tumour 
necrosis factor (y? — 14:8, p « 0-001). 

Tumour necrosis factor was undetectable 
(«15 pg/ml) in frozen plasma from the five 
healthy controls. 

Mean (SEM) body mass (“weight”) was 69-0 
(4-1) kg in patients with undetectable tumour 
necrosis factor and 55-6 (3-5) kg in those with 
raised concentrations (p — 0-02) (fig 2). Body 
mass index (mass in kg/height”) was 24-8 (1:4) 
in patients with undetectable tumour necrosis 
factor and 20:3 (1-1) in those with raised 
concentrations (p — 0-02) (fig 3). Within the 
group of patients who were *'cachectic" those 
with measurable tumour necrosis factor con- 
centrations weighed 56-5 (3-8) kg and those 
without 66-0 (5-1). 


Discussion 

One of the many effects of tumour necrosis 
factor is to cause cachexia. Our findings showed 
that reduced body fat content in chronic heart 
failure was associated with raised concentra- 
tions of tumour necrosis factor and suggested 
that wasting in chronic heart failure may be due 
to the sustained effect of this polypeptide. Our 
results accord with those of a recent study in 
which patients with chronic heart failure were 
found to have higher concentrations of tumour 
necrosis factor, measured by bioassay, than 
controls. In that study the patients with the 
highest concentrations of tumour necrosis fac- 
tor had lower body weights.’ In the present 
study, a similar observation was made and body 
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Figure3 Body mass index ( weight]heighi ) in patients 
with normal plasma concentrations of tumour necrosis 
factor ( O ) and those with raised concentrations ( 8 ). 
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mass index was also found to be decreased. 
Weight loss in other conditions, such as 
acquired immunodeficiency syndrome, chronic 
parasitic infection, and malignancy, has also 
been related to increased tumour necrosis fac- 
tor concentrations." Seven patients who 
were *cachectic", however, did not have raised 
concentrations of tumour necrosis factor. Why 
some wasted patients had high concentrations 
and others did not is unclear. Those “‘cachec- 
tic? patients who did have high tumour 
necrosis factor concentrations tended to weigh 
less than ‘‘cachectic” patients with normal 
concentrations, suggesting the circulating pep- 
tide is only increased in the most advanced 
states of cardiac cachexia syndrome. A simular 
pattern has been noted in other disease states. 
For example, in human immunodeficiency 
virus infection, only patients with full-blown 
acquired immunodeficiency syndrome have 
significantly raised concentrations of tumour 
necrosis factor (up to 200 pg/ml); those with 
acquired immunodeficiency syndrome related 
complex usually have normal cachectin con- 
centrations.” This may suggest that enhanced 
tumour necrosis factor activity, undetectable 
by existing assays, is present in the early course 
of cachectic illnesses or that these wasting 
syndromes are multifactorial with other factors 
leading to weight loss in the early stages. 

Cardiac cachexia is debilitating, leading 
eventually to severe skeletal muscle wasting 
and consequent immobility; it is also associated 
with a poor prognosis.’ Recently, oxpen- 
tifylline has been reported to reduce the 
production of tumour necrosis factor in vitro 
and in vivo in healthy human volunteers." 5 
This drug may offer the prospect of pharma- 
cological intervention in cardiac cachexia. Fish 
oils too have been shown to suppress concen- 
trations of tumour necrosis factor in humans, 
suggesting yet another therapeutic approach. 
Corticosteroids, which suppress tumour 
necrosis factor production, or anti-tumour 
necrosis factor antibodies might also be of 
benefit in chronic heart failure patients with 
progressive wasting.” !? 

Tumour necrosis factor has additional 
biological actions that may be disadvantageous 
in chronic heart failure. Tumour necrosis fac- 
tor can promote intravascular coagulation, 
stimulate leucocyte adhesion and activation, 
and induce anaemia.*!*'? Tumour necrosis fac- 
tor is also reported to depress myocardial 
contractility, alter muscle membrane potential, 
lower blood pressure, and precipitate pulmo- 
nary oedema.? 7 Anti-tumour necrosis factor 


McMurray, Abdullah, Dargie, Shapiro 


interventions might therefore have other 
potentially beneficial effects in chronic heart 
failure. 
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Estimating the size of myocardial infarction by 
magnetic resonance imaging 


L W Turnbull, J P Ridgway, J J Nicoll, D Bell, JJ K Best, A L Muir 


Abstract 

Objective—To develop a method to 
measure myocardial infarct size by 
magnetic resonance imaging and to 
compare the results with pyrophosphate 
scanning by single photon emission com- 
puted tomography. 

Design—Al patents underwent mag- 
netic resonance imaging and pyrophos- 
phate scanning 5-7 days after the onset 
of symptoms. Both measurements of 
infarct size were compared with the 
release of creatine kinase MB and with 
ventricular performance estimated by 
radionuclide ventriculography. 

Patients—19 patients (age 40—68 years) 
who had sustained their first uncom- 
plicated myocardial infarction and who 
had not been treated with thrombolytic 
therapy. 

Results—The site of infarction was 
clearly shown by both imaging tech- 
niques and was identical in each patient. 
The volume of infarcted tissue measured 
by magnetic resonance imaging agreed 
well with the infarct size measured by 
single photon emission tomography 
(mean difference 2-7 cm’). Correlations of 
both imaging techniques with the release 
of creatine kinase MB were best when 
total release rather than peak release 
was used. Both imaging techniques 
correlated closely with the subsequent 
ventricular performance. 

Conclusions—Magnetic resonance 
imaging after acute infarction allows 
measurement of infarct size and this 
may prove useful in assessing new treat- 
ments designed to salvage myocardium. 


Prognosis after acute myocardial infarction 
depends on the extent of myocardial damage 
and on residual left ventricular function. 
salvage of acutely ischaemic but reversibly 
damaged myocardium is widely accepted to be 
responsible for the preservation of ventricular 
function and for improved survival after 
thrombolytic therapy.!'? However, there are 
discrepancies between survival after reper- 
fusion and residual left ventricular function, 
and it has been suggested that the beneficial 
effects of thrombolysis may be more complex 
than a simple reduction in infarct size. 
Currently, ventricular function is used as an 
indirect indicator of the mass of ventricle 
infarcted, but in patients with previous infarc- 
tion this relation is distorted. More direct 


measurements of infarct size are required to 
clarify the effects of intervention. 

Of the other standard techniques (including 
ST segment and R wave mapping, cardiac 
enzyme release, and echocardiography) only 
radionuclide imaging with infarct avid agents 
attempts directly to measure the mass of 
damaged myocardium. Recent reports suggest 
that magnetic resonance imaging may offer 
considerable advantages for direct measure- 
ment of infarct size.*? Studies ın both animals 
and humans have shown that infarcted muscle 
can be recognised on gated magnetic reso- 
nance images and we showed that there is an 
increase in the relaxation parameter, T1, in 
patients after acute infarction. In animal 
studies there was a close relation between 
infarct size measured from areas of increased 
pixel intensity on magnetic resonance images 
and anatomical estimates of myocardial injury 
identified histochemically.' 

To extend these observations to humans we 
examined myocardial infarct size with a low 
field magnetic resonance imaging system and 
compared the estimated injury with single 
photon emission tomographic images of 99m- 
technetium pyrophosphate uptake, with 
release of the enzyme creatine kinase MB, 
and with residual left ventricular function 
measured by radionuclide ventriculography. 


Patients and methods 

PATIENTS 

We studied 19 patients (14 men and five 
women) who had sustained their first myocar- 
dial infarction and who had not been treated 
with thrombolytic drugs. Myocardial infarc- 
tion was diagnosed on the basis of history and 
typical electrocardiographic or cardiac enzyme 
changes or both. At the time of the examina- 
tion all patients were clinically stable with no 
evidence of either acute pulmonary oedema or 
low output cardiogenic shock. The patients 
were all in sinus rhythm and gave informed 
consent before entering the study. None of the 
patients gave a history of previous cardiac 
disease or of other chronic medical conditions 


MAGNETIC RESONANCE IMAGING 

Technique 

In all patients magnetic resonance imaging 
was carried out five to seven days after the 
onset of chest pain with a low field system 
(M&D Technology) operating at 0-08 T. 
Patients with either temporary or permanent 
cardiac pacemakers, prosthetic heart valves, or 
previous intracranial surgery had already been 


360 


Figure 1 


obtained through the 
ventricles showing a large 
semicircular area of 
reduced signal intensity 
involving the 
interventricular septum 
and aajacent anterior left 


ventricular wall secondary 


to infarction. ( B) Areas 
within the myocardium 
witha TI value two 
standard deviations or 
more above the mean TI 
value for normal 
myocardium are shown in 
white. 


(A) TI map of 


an angied transverse miage 








excluded from the study. Scout images were 
initially carried out in the coronal plane to 
visualise the long axis of the ventricles. These 
images were obtained with a field of view of 
384 mm, a matrix of 128 x 64, a short repeti- 
tion time (TR) of 240 ms, and a field echo time 
of 22 ms. Four slices were obtained with a 
16 mm slice thickness and separation. From 
these images, short axis views of the ventricu- 
lar chambers were aligned. We used a cardiac 
gating technique with carbon fibre electrodes 
(Abingdon Instruments, Abingdon, Oxford) 
placed on the left anterolateral and the right 
parasternal chest wall." The downslope of the 
electrocardiographic T wave was used to syn- 
chronise data acquisition during end systole at 
approximately 110 ms after the upstroke of 
the T wave. An interleaved saturation 
recovery-inversion recovery pulse sequence 
was used with a TI of 42 ms and a variable 
TR, depending on the RR interval. Eight to 
10 slices (12 mm thick) were acquired as four 
acquisitions to obtain multiple images from 
below the cardiac apex to the level of the 
aortic arch. Two slices with a 42 ms time 
separation were obtained with each acquisi- 
tion which consisted of two averages of 64 
phase encoding steps and 128 frequency 
encoding steps resulting in a pixel size of 
3x6 mm. These data were interpolated to a 
128 x 128 matrix (3 x 3 mm) and smoothed on 
the final display monitor for image analysis. 


Analysis 

The calculated T1 map showed good contrast 
between normal myocardium, ischaemic myo- 
cardium, and chamber contents, and was usec 
to define the myocardial border (fig 1A). The 
outlines of the endocardial and epicardia. 
interfaces of the left ventricle, including the 
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interventricular septum, were defined inter- 
actively by using image analysis software to 
draw an irregular region of interest. Owing to 
partial volume effects from pericardial fat the 
T1 values of the extreme apical segment were 
frequently higher than those of the normal 
myocardium, and these images were therefore 
excluded from analysis. The T1 calculations’ 
were based on a look-up table that was gen- 
erated from the saturation recovery and *'dif- 
ference" image signals when a repetition time 
of 1000 ms was assumed. However, because it 
was shown from phantom experiments that 
our measurements of T1 values, which are 
based on these look-up tables, varied con- 
siderably with heart rate it was necessary to 
calculate an upper limit of normal for each 
individual patient. This was done by taking 
the mean T1 value plus two standard devia- 
tions from regions of a fixed size (approxi- 
mately 2 cm?) placed within normal myocar- 
dium on all the slices that included the left 
ventricle. These regions of interest were as 
remote as possible from the areas of increased 
signal and were retrospectively confirmed to 
be separate from regions of increased pyro- 
phosphate uptake. An average T1 value was 
obtained for all the slices measured. Regions 
within the myocardium with a T1 value 
greater than this limit were then generated by 
the computer (fig 1B) and their areas 
measured. These values were multiplied by 
the slice thickness to obtain the volume of the 
infarcted myocardium on each slice, and then 
these volumes were summed to obtain the 
total volume of infarcted myocardium. 


REPRODUCIBILITY 

The reproducibility of the technique was affec- 
ted by the measurement of both the mean and 
standard deviation of normal myocardium and 
by identification of the endocardial and epicar- 
dial borders of the left ventricle. To determine 
the intra and inter observer variability two 
independent observers performed measure- 
ments on the same four patient examinations 
on three separate occasions. 

The volume of infarcted myocardial tissue 
varied by 10-1% between observers and the 
intra observer variability was 6:8 and 10-44. 
This variation was primarily attributable to 
the difference of 8-8% between the two 
measurements of the upper threshold limit for 
normal myocardium (mean (2 SD)). 


99M-TECHNETIUM PYROPHOSPHATE SCANNING 

Radioisotope scanning with 99m-technetium 
pyrophosphate was performed with a Maxi- 
Camera 400AT Gamma Camera equipped 
with a low energy, general purpose, parallel 


hole collimator (International General 
Electric) and a MicroDelta Plus computer 
system (Siemens Gammasonics). Patients 


were imaged between 24 and 36 hours after 
admission to hospital and two hours after 
administration of 600 MBq 99m-technetium 
pyrophosphate. Patients were positioned 
supine with both arms beside the head. Single 
photon emission tomography was performed 
with a set of sixty four, 64 x 64 images taken 
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Figure 2 


infarction. 


over a 360° arc with the radius of rotation 
selected to minimise the distance from the 
detector to the chest wall. Each image was 
collected for a preset time of 10 seconds and, 
in addition to the "auto-tune" facility, the 
camera was further corrected for uniformity 
(using a 30 million count "Tc flood) and for 
the centre of rotation. Transverse images, one 
pixel thick, were reconstructed **on line" with 


a Butterworth filter of order 5 and a cut-off 


frequency of 0-5 Nyquist. The myocardial 
uptake of pyrophosphate was determined 
from the transverse images by a simple three 
dimensional thresholding procedure operating 
at 65% of the peak voxel value within the 
infarct volume. The threshold value of 65% 
has been shown" from phantom studies to be 
the optimal value. The peak value in the 
volume of interest was found after each 
transverse slice had been smoothed twice by a 
nine point filter. Myocardial uptake was 
analysed by drawing a cuboid region of 
interest around the heart and counting the 
number of voxels >65% of the peak value 
within that volume (fig 2). The number of 
infarct voxels was then summed and the size 
of infarction determined by multiplying by 
the voxel size (0-24 cm'/voxel). 

Before we calculated infarct volume we 
reviewed each transverse image, and if neces- 
sary, modified the region of interest to exclude 
areas of non-cardiac uptake such as the ster- 
num or ribs. 


SERUM CREATINE KINASE MB 

Serum creatine kinase MB was measured by 
an optimised kinetic spectrophotometer assay. 
In 11 of the 19 patients, 4-8 blood samples 
were obtained from eight to 48 hours after the 
onset of symptoms. This allowed calculation 
of the total creatine kinase released. In the 
remaining eight patients only three blood 





Single photon emission tomographic images of "" Tc-pyrophosphate uptake in 
the myocardium of the same patient as fig 1. A and B show an extensive anterior 


A 


coronal section; (B) sagittal section; (C) transverse section; (D) scout 


image roughly equating to a planar anterior view, 


samples were obtained and w 
est value to express peak 
release. joth the total Ina 


kinase release were used in ou 


RADIONUCLIDE VENTRICULOGRA! 
This was carried out on the d 
charge from hospital (meat 
patient was clinically and radi 
of heart failure. All the patie: 

in the supine position and cardi 
performed in approximately a 
oblique projection with a 10 
precise angle was chosen ! 
separation of the ventricles. After 
700 MBq "Tc human serum 
ing was carried out with a Siem 
mobile gamma camera and 
collected by a Micro Delta nj 
ejection fraction was calculat 
blood pool technique 


STATISTICAL ANALYSIS 
Statistical analysis was perfo: 
SPSS/PC 4 


computer program 


Results 

The location of the infarct was 

strated and was identical by both 
phate scanning and magnetic reson: 
ing in 17 of the 19 patients. No abnorn 
shown by either imaging techniqu: 
patient, while in a second pyrophosphat 
ing showed only a very small area 
uptake anteriorly, but magneti 
imaging failed to demonstrate any abn 
In the first of these two patients th T 
diogram was normal and in the second 
indeterminate owing to the presen 
bundle branch block. Both patient 
only a minor rise in the peak serun 
kinase MB values of 172 and 522 
tively. 

We compared the myocardial inf: 
measured by pyrophosphate scanni 
magnetic resonance imaging by plot 
difference between the two values 
mean infarct size obtained from both n 
(fig 3). This showed a mean differen 
(magnetic resonance infarct size 
phosphate infarct size), while the 
deviation of the difference was 9 
limits of agreement were 22-5 and 
and the standard error of thi 
2:27 cm’. Hence the 95% confide 
for the lower limit of agreement 
— 14-3 cm’, while for the upper 
agreement the 95% confidence inter 
89 to 25-4 cm’. These interval 
moderately good agreement betw 
methods, with reasonable consistenc' 
range of values encountered, although « 
ancies were noted with infarct sizes 

The table shows the correlator 
infarct size, creatine kinase MB rele 
ventricular ejection fraction. Thi 
kinase MB release curves could be cal 
only 11 patients, but there was a good 
tion between the peak and total cre 
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Figure 3 
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rm EN infarct size measured by MRI and PYP ( 
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erence m myocardial infarct size between magnetic resonance imaging 
Tc-pyrophosphate scanning (PYP) plotted against the average value 
measured by these techniques. 


values. The size of the infarct measured by peak 

creatine kinase correlated only moderately with 
the volume of the infarct measured by pyro- 
phosphate (r = 0-53, 0-02 > p > 0-01) and by 
magnetic resonance imaging (r = 0-52, 0-05 > 
p > 0-02). The correlations were weakened by 
the presence of two particularly high creatine 
kinase results (6955 and 6255) that were con- 
siderably greater than the other values. 
However, the total creatine kinase release, 
which included these two values, correlated 
well with the infarct siZe measured by both 
pyrophosphate (r = 0-75, 0-01 > p > 0:001) 
and magnetic resonance imaging (r = 0-62, 
0-05 > p > 0:02). The residual left ventricular 
function measured by radionuclide ventricu- 
lography correlated significantly with the 
volume of infarct measured by both magnetic 
resonance (r = 0-79, p < 0-001) and pyro- 
phosphate imaging (r = — 079, p < 0-001). 
There was also a good correlation between the 
left ventricular ejection fraction and the peak 
creatine kinase release (r = — 0-63,0-01 > p > 
0-001), but a better correlation was obtained 
with the total creatine kinase release 
(r = — 0778,0-01 > p > 0:001). 


Discussion 

The primary determinant of prognosis after 
acute myocardial infarction is the size of the 
area of infarction." However, despite its 
importance, routine clinical measurement of 
infarct size has not been achieved. The tech- 
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niques currently used are indirect and may be 


iia tastes 2 eee eee Mean misleading after thrombolytic therapy. Peak 

te *2SD serum creatine kinase values are more impor- 
® tant. Analysis of creatine kinase MB release 

~ * >œ curves correlates well with histological infarct 

. : size and provides prognostic information.’*** 

—€—— d $ — a — — — — Mean However, after thrombolytic therapy there is 
" an early accelerated “washout” of cardiac 

enzymes, presumably when blood flow is re- 

: stored through partially necrotic myocar- 

dium." Electrocardiographic techniques are 

on ee a ee em ee eae e Moan used to map the extent of infarction but are 


inaccurate in assessing small non-transmural 
or posterior lesions.” *' Echocardiography is 
mainly of use in determining areas of wall 
thinning, dyskinesis, or akinesis, and hence 
also has major limitations. Residual ventricular 
function gives an indication of myocardial 
damage but is unreliable when there has been 
previous infarction. Tissue characterisation by 
any imaging technique remains an elusive goal. 

Since the introduction of single photon emis- 
sion tomography, pyrophosphate imaging has 
been considered a sensitive method for the 
diagnosis and measurement of acute myocar- 
dial infarcts.” The use of single photon emis- 
sion tomography has allowed more accurate 
detection of posterior, inferior, and small 
subendocardial infarcts, particularly after the 
addition of blood pool overlay.” These data 
correlated well with the histological findings in 
animals,” and with analysis of serum creatine 
kinase MB release and residual left ventricular 
function in humans. 

There are certain limitations to pyrophos- 
phate imaging. The delivery of the radio- 
nuclide to the centre of a large infarct may be 
incomplete.“ Our single photon emission 
tomographic technique overcomes this by 
measuring the volume defined by pyrophos- 
phate rather than by quantifying the amount of 
isotope concentrated in the unevenly perfused 


. tissue. More uniform labelling can be achieved 


by antimyosin antibodies, labelled with 
indium, but the poorer imaging characteristics 
of indium offset this advantage. Radionuclide 
imaging also involves exposure to a significant 
radiation dose and is only useful for up to five 
days after infarction, whereas our own work, 
performed in human subjects, showed that the 
maximum increase in T'1 is not obtained for up 
to five days after infarction and persists for a 
long time thereafter.” 

To determine the extent of myocardial 


Correlations between measurements of infarct size, left ventricular ejection fraction (%), and release of creatine kinase 


MB (UJI) 
MRI »"Tc PYP LV gectim Peak creatine 
infarct size infarct size Fraction kinase 

LV ejection fraction n= 18 n — 18 
rw —0 79 r= —0 79 
p«0001 p < 0001 

Peak creatine kinase n= 18 n= 18 n = 17 
r = Q 52 r = 053 r= —0 63 
005 > p> 002 002»p20001 0012»p»0001 

Total creatine kinase n= }] n= 1} n 1Í n= 1l 
r= 0 62 r= 07 r= —078 r=093 
005»p»002 001»p»0001 001»p»0001 p < 00001 


LV, left ventricle, MRI, magnetic resonance imaging; PYP, pyrophosphate 


Estimating the size of myocardial infarction by magnetic resonance Imaging 


infarction by magnetic resonance imaging, we 
had to define T1 values for normal myocar- 
dium. Because the measured T1 values 
obtained from our system varied with repeti- 
tion time it was essential to define a threshold 
limit for each individual patient. Although 
normal myocardium was identified subjectively 
the inter observer variability of 10-1% suggests 
that this is an acceptable method. In this study 
we related the volume of infarcted myocardium 
measured by magnetic resonance imaging five 
to seven days after infarction to several vari- 
ables that also reflect infarct size. 

We chose to obtain the magnetic resonance 
images at this stage because our previous work 
had shown this to be the time of maximal 
change. We studied patients with their first 
myocardial infarction so that preservation of 
ventricular function after infarction would 
negatively correlate with infarct size. In addi- 
tion, because our patients were not treated 
with thrombolytic therapy the creatine kinase 
kinetics would be unaltered. Our results indi- 
cate that with a low field magnetic resonance 
imaging system T'] maps provide estimates of 
infarct size that agree closely with other tech- 
niques. We found a good agreement between 
magnetic resonance and pyrophosphate imag- 
ing and both these techniques correlated well 
with depressed ventricular function measured 
after infarction. Poorer correlations were 
obtained with peak creatine kinase but these 
were improved in the group of patients for 
whom enough data points were available to 
calculate the total release of creatine kinase 
MB. 

We expect that the use of a 128 x 128 pixel 
matrix and a reduced slice thickness will 
improve the precision of infarct size measure- 
ment by magnetic resonance imaging although 
it will increase the examination time. Many 
factors, such as the field strength and the 
imaging pulse sequence, can alter the ability to 
detect myocardial damage. Currently the 
second or third echo of a multiple spin echo 
sequence is widely used to detect myocardial 
infarction, but particularly at high field 
strengths a paramagnetic contrast agent, such 
as gadolinium diethylenetriamine pentaacetic 
acid may then be required to demonstrate areas 
of damage.” This study shows the ability of a 
low field system with a saturation recovery- 
inversion recovery plus sequence to measure 
human infarct size and avoid the routine use 
of paramagnetic contrast agents. Because Tl 
values remain raised for the first three months 
after infarction,” this technique will provide 
information on infarct size in the convalescent 
period. 
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Myocardial bridges: morphological and functional 


A G Ferreira Jr, S E Trotter, B König Jr, L V Décourt, K Fox, E G J Olsen 


Abstract 

Objective—To assess the arrangement 
of myocardial bridges. 

Design—A necropsy study of 90 con- 
secutive hearts (56 male, 34 female). 

Results—Myocardial bridges, either 
single or multiple, were seen in 50 
(55:6*5) of the 90 hearts. The left anterior 
descending artery was the most com- 


. monly affected artery. Thirty five of the 


50 hearts which contained in total 41 
muscle bridges were dissected further 
with a magnifying glass. Two different 
types of muscle bridges could be iden- 
tified. Thirty one of these 41 myocardial 
bridges were superficial crossing the 
artery transversely towards the apex of 
the heart at an acute angle or perpen- 
dicularly. The remaining 10 myocardial 
bridges crossed the left anterior descen- 
ding coronary artery and surrounded it 
by a muscle bundle that arose from the 
right ventricular apical trabeculae and 
crossed the artery transversely, 
obliquely, or helically before terminat- 
ing in the interventricular septum. 

Conclusions—The superficial type of 
myocardial bridge does not seem.to con- 
Strict the artery during systole but the 
deep muscle bridges, by virtue of their 
relation with the left anterior descending 
coronary artery, could twist the vessel 
and thus compromise its diastolic flow. 
This may result in ischaemia. 


. Reyman in 1737 and Black in 1805 described 


an anatomical curiosity—the overlaying of the 
left anterior descending coronary artery by a 
muscular bridge.! ? Since then there have been 
further reports? * and some investigators have 
described acute myocardial infarction in 
young patients in whom no coronary atheros- 
clerosis was identifiable but in whom muscle 
bridges were found and the cause of the infar- 
ction was directly referrable to the myocardial 
bridge.?* There have been no detailed studies, 
however. 

We have examined and classified myocardial 
bridges, particularly in terms of their relation 
to the left anterior descending coronary artery 
and have examined the haemodynamic 
implications these findings may have for 
ischaemic heart disease. 


Patients and methods 
We studied 90 hearts (56 male, 34 female) 
removed consecutively at necropsy. The 


individual ages ranged from a stillbirth to 84 
years and in none was there a history of 
preceding established cardiac disease and death 
was not referrable to cardiac causes. Myocar- 
dial bridges were identified in 50 hearts. ‘Thirty 
five of these hearts were examined further by 
hand lens dissection. Thirteen of the remaining 
15 hearts, in which the left anterior descending 
coronary artery was directly related to a muscle 
bundle, were assessed histologically. After fixa- 
tion, five were embedded in paraffin and 10 um 
sections were cut, and four were embedded in 
8% celloidin and 100 um sections were cut. 
The sections were then stained by azan and 
resorcin fuschin and the azan and Weigert 
method respectively to demonstrate connective 
and elastic tissue. Segments of four hearts 
which included muscle bridges were cut at 
60 um in a cryostat and stained by Sudan III to 
assess the adipose tissue interposed between 
the artery and the muscle bridge. T'he remain- 
ing two hearts were set aside for ultrastructural 
investigation. 


STATISTICAL TESTS 

We used Student's ¢ test for paired and 
unpaired samples with Fisher tests for variance 
and multiple comparison analysis. P values 
« 0-05 were considered significant. 


Results 

Thirty two of the 50 hearts that contained 
muscle bridges came from male subjects. In 35 
hearts the bridges were single, affecting solely 
the left anterior descending coronary artery; 10 
hearts contained two muscle bridges and five 
hearts contained three muscle bridges. These 
multiple muscle bridges affected either the same 
vessel or different coronary arteries or their 
branches. Significantly longer muscle bridges 
were seen in the 21-50 age group than in the 
hearts removed from subjects 0-20 years (table 
1). There was no statistical difference between 
the length of myocardial bridges in male and 
female subjects (table 2). Shorter muscle brid- 
ges were more common (table 3 and fig 1). 


Table 1 Average (SD) length of myocardial bridges at 
different ages 


Age (yr) Average length (cm) 
0-20 1 36 oa 

21-50 2 99 (1:710 

51-90 2 07 (1 419) 


Only the difference between the 6-20 and 21-50 age groups 
(F = 5 29) was statistically significant (p = 0 0094). 


Myocardial bridges: morphological and functional aspects 


Figure 1 Graph showing 
incidence of muscle bridges 
and their length. 


Table 2 Average (SD) length of the myocardial bridges 
in male and female hearts 





Average length (cm) 





Male 2-16 ( 
Female 2-03 (1: 





t = 0:28; p > 0-05. 


At hand lens dissection 41 muscle bridges 
were detected and were classified as superficial if 
the left anterior descending coronary artery ran 
on the interventricular groove and was crossed 
by the muscle bundle perpendicularly or at an 
acute angle before deviating to the apex of the 
heart (fig 2). This type was the more common 
and was identified in 31 (75-6%) of the bridges. 
The remaining 10 muscle bridges (24-494) 
were classified as deep: the left anterior descen- 
ding coronary artery deviated towards the right 
ventricle and was deeply situated on the 
interventricular septum where it was crossed 
transversely, obliquely or helically by a long- 
itudinal bundle arising from the apex of the 
right ventricle and inserting into the interven- 
tricular septum (figures 3A and B). Close 
scrutiny showed that some fibres surrounded 
the artery. This deep variant was seen less 
frequently and had longer muscle bundles than 
its superficial counterpart (table 3). Histological 
studies showed that there was no direct contact 
between the muscle bridge and the adventitial 
wall of the associated artery and that adipose, 
neural, and loose connective tissues were inter- 
posed between the muscle bridge and the 
related artery. 


Discussion 

The myocardial bridge is a distinctive 
anatomical entity whose pathophysiological 
role has evoked much controversy. Studies 
have shown that these muscular bands are 
present from birth'" and their development is 
closely associated with the growth of the 
adjacent artery. The incidence varies from 
report to report and seems to depend on the 
precision of the dissector.’ Our recorded 
incidence of 55:6% accords with other com- 
parable studies." The left anterior descend- 
ing coronary artery is the most clinically impor- 
tant vessel that is affected by muscle bridges. 
Anatomical studies showed that most muscle 
bridges run between the proximal third and 
middle third of this vessel." These findings 





21-3 31-4 41-5 5-1-6 >6 
Length (cm) 
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Figure 2 Dissected heart showing a 1:2 cm superficial 
myocardial bridge overlying the left anterior descending 
coronary artery (arrow) twhich runs throughout its course 
on the interventricular groove. 


accord with our own observations. The associa- 
tion of myocardial bridges with ischaemia is 
well established and symptoms have been 
relieved by surgical excision of the muscle 
bridge.'* ^ Hill et al showed that when the left 
anterior descending coronary artery runs 
underneath a muscle bridge it can be distorted 
in systole with a delay in diastolic relaxation 
They also found that surgical resection of the 
muscle bridge often relieved the functional 
disturbance.'^ However, some individuals with 
muscle bundles are symptom free.’ Various 
workers have attempted to classify the 
anatomical distribution of muscle bridges 
Geiringer defined two types: in the first the left 
anterior descending coronary artery was sited 
deep in the interventricular groove with the 
muscle bridge surrounding it and in the second 
variant, which he considered to be more com- 
mon, the muscle bridge arose from the 
trigonum fibrosum and invested the left 
anterior descending coronary artery as it passed 
to the apex of the heart.’ We would classify 
these two types as superficial. 

We consider the distinction between super 
ficial and deep muscle bridges to be important 
in ischaemia and our classification may explain 
why some demonstrable muscle bridges do not 
cause symptoms. We showed that deep muscle 
bridges surround the left anterior descending 
coronary artery with helices of muscle fibres 
and we speculate that this may distort or 
compress the adjacent artery. Porstmann and 
Iwig recognised the usefulness of angiography 
in permitting in vivo visualisation of the 
myocardial bridge." Amplatz and Anderson 
too studied myocardial bridges angiogra- 
phically." Angelini and his colleagues in their 
comprehensive review described how systolic 
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Figure 3 (A) Dissected 
heart showing a 6:2 cm 
deep myocardial bridge 
overlying the left anterior 
descending coronary 
artery. The path of the 
artery deviates from the 
interventricular groove 
towards the right ventricle 
where it 1s surrounded by à 
muscle bundle arising from 
the right ventricular apical 
trabeculae ( *). (B) Close 
up view showing the 
oblique (O), helical (H) 
and transverse ( T ) 
orientation of the 
surrounding muscle bundle. 


(A) 


narrowing and kinking are useful angiographic 
evidence of myocardial bridges.” 

Angelini et al commented on the disparity 
between the high incidence of myocardial brid- 
ges reported from anatomical studies and the 
lower angiographic incidence. Furthermore, 
they noted that angiographic evidence of 
myocardial bridges may depend on several 
factors, including the length of the bridge, the 
precise orientation of the bridge fibres in rela- 
tion to the left anterior descending coronary 
artery, and the nature of the tissue interposed 
between the myocardial bridge and the 
adjacent artery. We believe that the disparity in 
the incidence reported from anatomical and 
angiographic studies depends on the length of 
the muscle bridge and that angiography detects 
only the deep myocardial bridges, which we 
noted were significantly larger and more likely 
to interfere with coronary flow. Ishimori et al 
reported that administration of glyceryl 
trinitrate to some patients unmasked angio- 
graphic narrowing of the left anterior descend- 
ing coronary artery in systole,’ while the use 
of vasoactive drugs in patients with muscle 
bundles, has resulted in an episode of cardiac 
ischaemia in some subjects.” ? We suggest that 
in patients with compression caused by the 
deep muscle bundle arrangement dilatation of 
the left anterior descending coronary artery 
may be unsuccessful. 

We conclude that superficial or deep myocar- 
dial bridges form in utero at the time of cardiac 
development. In most individuals they do not 
cause symptoms but particularly in those with 


Table 3 Average (SD) length of myocardial bridges 
according to path 





Average length (cm) 


Superficial l 
Deep 3 





t= 6710;p < 0-0001. 


Ferreira, Trotter, Kónig, Décourt, Fox, Olsen 





deep myocardial bridges, the anatomical rela- 
tion of the myocardial fibres can distort the 
artery that can be identified angiographically. 
The possibility of myocardial bridges should 
be borne in mind in individuals with ischaemia 
but no evidence of coronary atherosclerosis. 
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Cather 


Atropine 

Atropine is obtained from the leaf and berries 
of Atropa belladonna (Solanaceae), the deadly 
nightshade, an herbaceous plant of central and 
southern Europe. It is very poisonous and 
Linnaeus named it after one of the Fates, 
Atropus, who cut the thread of life. Though i! 
was popular for deliberate poisoning it was 
avoided medicinally except for external use 
The leaf was used to dilate the pupil for cataract 
extraction, and as a liniment for rheumatism. A 
large pupil was once held to enhance female 
beauty, hence belladonna. Nightshade is a 
curious word which may allude to the narcotic 
property of the black berries. 

Atropine was isolated in 1831, and in 1867 
von Bezold showed that it blocked the cardiac 
effects of vagal stimulation. Sir James Macken- 
zie (1853-1925) used it widely in his arrhyth- 
mia work. He showed that it would revert 
partial though not complete heart block. He 
also studied its effect on the rate in digitalised 
patients with atrial fibrillation and submitted a 
paper on this subject to Hearr. The editor, 
Thomas Lewis, rejected it and this infuriated 
Mackenzie who replied '* You might as well put 
upon the forefront of the journal *No articles 
will be accepted which are not in accordance 
with the (temporary) beliefs of the Editor' ' 
(McMichael J, Journal of the Royal College of 
General Practitioners 1981;31:402—6). Atropine 
was employed with minimal success to prevent 
Stokes-Adams attacks and it was little used in 
cardiology until the introduction of cardio- 
pulmonary resuscitation. 

The family Solanaceae is distributed world- 
wide and has over 2000 species, which include 
tomato, potato, and tobacco. The invaluable 
drug hyoscine (scopolamine) is found in Man- 
dragora officinarum (mandrake) and in Datura 
stramonium (thornapple). Nowadays atropine 
and hyoscine are obtained commercially from 
an Australian tree of this family Duboisia 
myoporoides (corkwood) whose narcotic 
property was discovered by the aboriginals 
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Pregnancy outcome and Ebstein's anomaly 


J E Donnelly, J M Brown, D J Radford 


Abstract 

Background—Ebstein’s anomaly is an 
uncommon congenital cardiac abnor- 
mality that may be associated with cyan- 
osis and arrhythmias. For those female 
patients with the anomaly who survive to 
adult life there is little information 
available about pregnancy, maternal 
complications, and fetal outcome. This 
study was designed to address this issue 
so that these patients can receive 
appropriate advice and management. 

Methods and results~~Forty two preg- 
nancies in 12 women with Ebstein’s 
anomaly were studied. The mothers’ 
cardiac lesions were assessed on the basis 
of symptoms, the presence of cyanosis or 
arrhythmia, and by echocardiographic 
grading of severity. In the absence of 
important maternal cyanosis or arrhy- 
thmia, pregnancy was well tolerated. 
Neonatal outcome was good though there 
was an increased risk of prematurity and 
dysmaturity in the babies born to moth- 
ers with cyanosis. 

Conclusitons—This study indicates that 
women with Ebstein’s anomaly who 
reach child-bearing age can be advised 
that pregnancy is likely to be well 
tolerated with good fetal outcome. 
Maternal arrhythmia or cyanosis are 
indications for closer maternal and fetal 
observation. 


In 1866, Wilhelm Ebstein, only five years after 
his graduation from medical school, first des- 
cribed the clinical and anatomical features of 
this congenital anomaly of the tricuspid valve. 
The patient he studied was a 19 year old 
labourer who died after suffering increasing 
symptoms of palpitation, dyspnoea, and 


cyanosis.’ 


Pregnancy in women with  Ebstein's 
anomaly has been mentioned briefly in a few 
reports.7* The numbers are small, however, 
and there is little information on pregnancy 
and fetal outcome in this disorder. A con- 
siderable proportion of women with the 
anomaly reach childbearing age and it is 
important that they receive appropriate advice 
in the reproductive years. 


Patients and methods 

Information was obtained by review of 
medical, obstetric, and neonatal records, and 
where possible patients were interviewed per- 
sonally. The 12 women we studied had been 
referred for assessment to the Prince Charles 
Hospital, which is the cardiothoracic centre 


for the state of Queensland. They include all 
cases that could be found in the hospital 
records of women with Ebstein’s anomaly 
who survived infancy. One case was excluded 
because of other major congenital anomalies 
(coarctation with corrected transposition of 
the great arteries). 

Electrocardiograms, echocardiograms, and 
radiological data were reviewed. The 
anatomical severity of the lesion was deter- 
mined by echocardiographic assessment and 
measurement of the ratio of atrialised right 
ventricle to the total right ventricle (aRV/RV) 
by Shina’s method.’ 


Results 

PATIENTS 

In six women the diagnosis was not known at 
the time of pregnancy. In one patient the 
diagnosis was made during her second preg- 
nancy. Two women had associated cyanosis 
and two had Wolff-Parkinson-White syn- 
drome. The severity of tricuspid valve dis- 
placement ranged from a ratio of atrialised 
right ventricle to right ventricle of 16% to 
71%. Only one patient had an associated con- 
genital heart lesion which was pulmonary 
stenosis. 


PREGNANCY OUTCOME 

There were 42 pregnancies. Most of these 
were well tolerated with 36 live births (table 
1). There were five miscarriages (four in 
patient 12), one ectopic pregnancy, and one 
neonatal death. Four pregnancies were com- 
plicated by premature labour and one by 
antepartum haemorrhage. 

Most infants were born by spontaneous 
vaginal delivery. Three pregnancies in women 
known to have Ebstein’s anomaly were 
induced because of maternal dyspnoea. There 
were four forceps deliveries and three 
caesarean sections. Epidural anaesthesia was 
used in only two deliveries, one by forceps 
and the other by caesarean section. General 
anaesthetics were given for the other two 
caesariean sections. No complications 
occurred with either form of anaesthesia. 

Antibiotic cover was given in 12 deliveries 
where the diagnosis of Ebstein’s anomaly in 
the mother was known, and in two because of 
the presence of a cardiac murmur. There were 
no cases of endocarditis. 

Most women reported symptoms of dysp- 
noea in the third trimester of pregnancy. Only 
patients 3 and 4 were treated with digoxin and 
none required diuretics. Several women 
experienced palpitation but there were no 
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Table 1 Obstetric and infant outcome m women with Ebstem’s anomaly 


Pattent 


OS Ubi US es 


o6 -3 


Dead 


73 


Obstetric outcome 
aRV:RV No of Live 
(99)* Cyanons WPW pregnancies births - SVD 
16 - ‘+ 2 2 — 
53 2 2 1 
71 T 1 1 — 
50 4 4 2 
66 + 4 4 4 
29 6 4 4 
44 2 2 2 
43 4 4 4 
47 4 4 4 
66 + 2 2 2 
42 l 1 — 
65 10 6 6 


* Rano of atrialised right ventncle to right ventricle (aRV/RV) expressed as a percentage (96). 
SVD, spontaneous vaginal delivery; SFGA, small for gestanonal Rie (no infants were both premature and small for gestational age). 
? Information c on Mmm and dysmarunty not available. 


documented arrhythmias and only pideak l 
required treatment. 

Two women had considerable problems 
during pregnancy related to their cardiac 
anomaly. Case 1 who had Wolff-Parkinson- 
White syndrome but relatively mild. valve 
displacement was unwell with arrhythmias 
during both her pregnancies. This was in 
spite of prior His ablation surgery and anti- 


- arrhythmic treatment. She required a forceps 


delivery in the first pregnancy because of 
symptomatic paroxysmal atrial tachycardia in 
the second stage of labour. In her second 
pregnancy she required two -admissions for 
control of arrhythmia and cardioversion for 
resistant atrial fibrillation at 34 weeks followed 
by urgent caesarean section. 

In contrast, the dominant features in case 3 
were cyanosis and severe displacement of the 
tricuspid valve, with a ratio of atrialised right 
ventricle to right ventricle of 71%. This 
patient required admission at 26 weeks’ gesta- 
tion with grade III New York Heart Associa- 


tion symptoms of dyspnoea and progressive 
: cyanosis, and she underwent a caesarean sec- 


tion at 36 weeks’ gestation with resolution of 


her symptoms. 


INFANT OUTCOME | 

Five of the 36 live born infants were premature 
(less than 37 weeks’ gestation), with birth 
weights ranging from 1360 g to 2500 g (table 
2). Two of the three infants born to mothers 


- with cyanosis were in this group. A further four 
term infants were small for gestational age (less i 


Table 2 Features and reason for dehvery of infants who 
were born prematurely (less than 37 weeks’ gestation) 


Gestation Birth weight 


(t) ' fg) Features and reason for delivery 

28 ' 1360 Spontancous preterm labour 

32 1475 Spontaneous preterm labour, 
ma cyanosis 

34 2540 Urgent caesarean section, resistant 
maternal arrh ] 

36 2480 Spontaneous preterm labour 

36 2170 Caesarean section for worsening 


maternal dyspnoca and cyanosis 
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SFGA Comments 


ca pb 


1 miscarriage 
I ectopic 


pregnancy 


Pulmonary 
valvotomy 
after first 


pregnancy 


drag 
ba Ro 


Sas E 


4 miscarriages, 
1 neonatal death 


than the tenth percentile) including the third 
infant born to a mother with cyanosis (table 3). 

Only one neonatal death occurred (cause 
unknown) in a twin born at term. All other 


. infants survived and are alive and well and none 


^. 


has congenital cardiac or other anomalies. 


Discussion 

In pregnancy several important physiological 
changes occur within the cardiovascular sys- 
tem. Plasma volume increases by 40%, reach- 


‘ing a maximum at 30 weeks. A smaller rise in 


red cell mass of 20 to 30% results in the 
dilutional anaemia of pregnancy. Cardiac out- 
put rises by 40%, with an increase in both 
stroke volume and heart rate’ and with an 
accompanying rise in circulating catechola- 
mine concentrations.’ However, despite the 
increase in cardiac output, systemic blood 
pressure is lower than in the non-pregnant 
state, indicating a considerable reduction in 
peripheral vascular resistance due to peripheral 
vasodilation and placental shunting.’ 

In patients with Ebstein’s anomaly, these 
physiological changes may have appreciable 
adverse haemodynamic consequences. In the 
presence of impaired right ventricular size and 
function, the increased stroke volume may be 


poorly tolerated and result in worsening tricus- 


pid incompetence, raised right atrial pressures, 
and increased right to left shunting. Complica- 


tions of pregnancy and delivery such as 


haemorrhage may-not be well tolerated by these 


Table 3 Features and reason for delivery of infants born 
small for gestational age (birth weight less than the 10th 
percentile for gestation 





Gestation Birth weigh: 


fw) ^ (g) Features and reason for delivery 

39 1815 Spontaneous vaginal delivery, 
maternal pulmonary stenosis 

. corrected after 1st pregnancy 

39 2310 Maternal dyspnoea, spontaneous 
vaginal delivery 

40 2615 No maternal symptoms, forceps 
delivery for failure to progress 

40 2950 Maternal cyanosis, spontaneous 
vaginal delivery 
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mothers where right ventricular dysfunction 
may impair the patient's capacity to cope with 
the large volume shifts associated with fluid 
resuscitation. 

In the present series, pregnancy was gen- 
erally well tolerated. Mild dyspnoea was a 
common symptom in the third trimester but no 
more troublesome than has been described in 
normal pregnancy." Only in case 3 did overt 
symptoms of right heart failure develop. This 
mother had cyanosis and very severe dis- 
placement of the tricuspid valve. However, 
four patients who also had considerable 
displacement of the tricuspid valve tolerated 
pregnancy well. Therefore no correlation was 
demonstrated between symptoms and the 
degree of displacement of the tricuspid valve 
leaflet as described by Shina et al.’ 

Patients with Ebstein's anomaly are liable 
both to supraventricular and ventricular 
arrhythmias, and Wolff-Parkinson- White syn- 
drome occurs in up to 20% of patients. The 
raised concentrations of circulating cate- 
cholamines in pregnancy will exacerbate any 
predisposition to arrhythmias and major 
arrythmias may occur, particularly if there is 
maternal hypoxaemia or stress. One of our 
patients had severe arrhythmias in two preg- 
nancies and required cardioversion despite 
antiarrhythmic treatment (digoxin, verapamil, 
fiecainide). She had Wolff-Parkinson-White 
syndrome and in the non-pregnant state had 
sufficiently severe arrhythmias to warrant His 
ablation surgery. 

Arrhythmias in patients with Ebstein’s 
anomaly, however, are not an absolute con- 
traindication to pregnancy. Various anti- 
arrhythmic drugs have been used without 
adverse effects on the fetus—for example, pro- 
panolol, disopyramide, procainamide, flecain- 
ide, sotalol, and amiodarone.'* ? Patient 5, who 
had no severe arrhythmias before pregnancy, 
shows that Ebstein’s anomaly with Wolff- 
Parkinson- White syndrome may in fact be well 
tolerated. Therefore, advice regarding the risks 
of pregnancy depends in part on the capacity to 
achieve arrhythmia control in the non- 
pregnant state. 

Maternal cyanotic congenital heart disease 
has been shown to be associated with pre- 
maturity and low birth weight and with infant 
survival rates of 50-55%.°* The combined 
effects of maternal hypoxaemia and haemo- 
dynamic instability make the infant liable to 
intrauterine fetal growth retardation and even 
death. The three infants born to cyanosed 
mothers in our study were premature or dys- 
mature, but all survived and did well. 

No baby had congenital heart disease in this 
series. While the numbers are small, the rate of 
congenital heart disease seems to be low com- 
pared with published data rates of 2-14%.’” 

Obstetric complications were infrequent in 
the present series. Only one woman had mild 
pre-eclamptic toxaemia without a significant 
change in her symptoms. The miscarriage rate 
of 12% is similar to standard rates of 10% to 
1594." Despite the increased cardiovascular 
stress and major fluid shifts associated with 
labour and delivery, these final stages of preg- 
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nancy were well tolerated. Special intervention 
and monitoring were rarely used. The 7% 
caesarean rate and 9% forceps delivery rate 
compare favourably with standard rates of 5- 
20% and 5-15% respectively. Though anti- 
biotic prophylaxis was given in only 14 of the 
42 pregnancies there were no episodes of 
endocarditis, which accords with the reported 
low incidence.’ 

There are few published reports on preg- 
nancy in women with Ebstein's anomaly. The 
largest series was reported by Radford er ai, 
where successful pregnancy occurred in six 
women who had a total of 12 children.* In two 
large studies on congenital heart disease in 
pregnancy (total 357 women) five women had 
Ebstein's anomaly and three of them had 
cyanosis." They had eight pregnancies and 
there were two fetal deaths, both in infants 
born to women with cyanosis. Several case 
reports emphasise the potential complications 
in pregnancy in women with Ebstein’s 
anomaly." However, in each one the patients 
were symptom free until the third trimester and 
mother and infant survived. 

Though pregnancy was well tolerated in 
patients in this study and fetal outcome was 
good, five women including three in whom 
there were no strong medical or obstetric 
indications had been advised not to have 
further pregnancies because of their cardiac 
anomaly. This uncertainty about the natural 
history of the condition in pregnancy is reflec- 
ted in a report of unnecessary termination of 
pregnancy because of the diagnosis of Ebstein's 
anomaly in the mother.'? 

The results of this study indicate that women 
with Ebstein's anomaly who reach childbearing 
age can be advised that pregnancy is likely to be 
well tolerated and fetal outcome good. The 
presence of arrhythmia or cyanosis in the 
mother is associated with increased maternal 
and fetal risk and are indications for closer 
maternal and fetal observation during preg- 
nancy and delivery. 


We thank Dr L M Davies of Mackay, Queensland, for his 
assistance with data and echocardiograms, and cardiologists at 
the Prince Charles Hospital for permission to study their 
patients. 
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Doppler echocardiographic evaluation of 
pulmonary blood flow after the Fontan operation: 


the role of the lungs 


D J Penny, AN Redington 


Abstract 

Objective—To document whether the 
act of respiration influences pulmonary 
blood flow in patients after the Fontan 
operation. 

Design—Prospective study in which 
patients acted as their own controls. 

Setting—Supraregional paediatric 
cardiology centre. 

Patients—Sixteen patients who had 
undergone atriopulmonary anastomosis 
(Fontan operation) for the treatment of 
congenital heart disease. 

Intervention—Doppler assessment of 
pulmonary artery flow patterns with a 
simultaneous respirometer, electro- 
cardiogram and phonocardiogram. 

Results—Total (mean (1SD) ) forward 
pulmonary flow was 63-6 (35)% higher 
during inspiratory cardiac cycles than 
during expiratory ones. 

Conclusions—The act of breathing 
provides an additional energy supply to 
pulmonary blood flow in patients after 
the Fontan operation. 


Since Fontan and Baudet’s description of the 
atriopulmonary anastomosis for the palliation 
of complex congenital heart disease,’ there has 
been considerable debate regarding the deter- 
minants of blood flow through a pulmonary 
vascular bed when no ventricular pumping 
chamber is present. For the most part this 
debate has centred around the importance of 
atrial contraction in providing an energy 
source for pulmonary blood flow. The poten- 
tial contribution of the atrial pump to an 
atriopulmonary circulation was first suggested 
36 years ago? and most recently re-emphasised 
in this journal. Conversely, others have sug- 
gested that atrial activity provides no 
additional energy to pulmonary blood flow,*? 
so that the Fontan circulation has been des- 
cribed as one for which the sole net energy 
supply originates in the left ventricle. 

While the role of the right atrium in provid- 
ing energy to the Fontan circulation continues 
to be explored, the potential role of other 
possible energy sources must not be forgotten. 


‘We showed that respiratory effort seems to be 


a powerful determinant of pulmonary blood 
flow in patients after total cavopulmonary con- 
nection, in which the right heart is com- 
pletely bypassed. Furthermore, we attempted 
to augment the effect of normal respiration on 


the pulmonary circulation in these patients 
with negative extrathoracic pressure ventila- 
tion and we found that pulmonary blood flow 
increased with this technique. Though the 
potential implications of respiratory effort for 
pulmonary blood flow in patients after the 
Fontan operation have been mentioned,’ they 
have not been formally assessed. 

We investigated whether respiratory effort 
influenced pulmonary blood flow in patients 
after the Fontan operation, in whom a sub- 
pulmonary atrium is incorporated into the 
pulmonary circulation. 


Patients and methods 

PATIENTS 

Sixteen patients (11 male and five female; 
mean (1SD) age 119 (45-6) months) were 
studied 38:5 (31:5) months after atrio- 
pulmonary anastomosis. Nine patients had a 
preoperative diagnosis of tricuspid atresia, five 
had double inlet left ventricle, one had double 
inlet right ventricle, and one patient had dou- 
ble outlet right ventricle with abnormal inser- 
tion of the tricuspid valve tensor apparatus 
which precluded a biventricular repair. 
Atriopulmonary anastomosis was performed 
in all patients (by direct suture in eight and 
via an interposition homograft conduit in 
eight). The atrial septal defect was closed in 
all patients and the right atrioventricular valve 
orifice was closed in patients who had two 
atrioventricular valves. 


MEASUREMENTS 

Patients were studied at rest in a supine posi- 
tion during quiet respiration. Doppler 
echocardiograms were recorded from a para- 
sternal or suprasternal position with a 5 MHz 
or 39:5 MHz transducer interfaced with a 
Toshiba SSH-160A ultrasound system. A 
pulsed wave, range gated Doppler sample 
volume was positioned in the pulmonary 
artery distal to the site of the atriopulmonary 
anastomosis. Simultaneous electrocardio- 
grams, phonocardiograms, and a respirometer 
trace were recorded. Recordings were made at 
a paper speed of 100 mm/s. 


ANALYSIS 

Measurements were obtained over six cardiac 
cycles (three during inspiration and three dur- 
ing expiration). To separate the atrial con- 
tribution to pulmonary flow from that during 
the remainder of the cardiac cycle we drew a 
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Figure Simultaneous pulraonary artery Doppler flow {PA Doppler), 
electrocardiogram (ECG), phonocardiogram (PCG), and respirometer ( Resp) trace in 
a patient after the Fontan cderation. During inspiration (upward deflection on the 
respirometer ) the total forward pulmonary flow-velocity integral and peak forward flow 


velocity were increased. 


vertical line to zero at the beginning of the 
onset of the waveform related to atrial sys- 
tole.’ We calculated the atrial contribution to 
pulmonary flow (9$) as 100 x the velocity- 
time integral during atrial contraction, 
divided by the velocity-time integral of total 
forward pulmonary flow.’ Peak forward flow 
velocity in the pulmonary artery was 
measured directly from the paper recordings. 

lraces were digitised with a Summagra- 
phics digitising plate, interfaced with a Prime 
750 mainframe, so that the total pulmonary 
flow-velocity integral and its atrial component 
could be compared during inspiration. and 
expiration. No attempt was made to calculate 
the area of the atriopulmonary anastomosis, 
which was assumed to remain constant 
throughout the cardiac and respiratory cycle. 
All indices were expressed as mean (18D) and 
the statistical significance of differences bet- 
ween group means was assessed by Student's t 
test. Probability values «0:05 were regarded 
as significant. 


Results 

PULMONARY DOPPLER FLOW 

All patients were in sinus rhythm and a 
biphasic pattern of forward flow was seen in 
the pulmonary artery (fig). Low velocity for- 
ward flow occurred during ventricular systole 
and early diastole. During late diastole for- 
ward flow was augmented at the same time as 
atrial contraction, so that the atrial contribu- 
tion to forward flow in the pulmonary artery 
during expiration was 51-4 (8.8)?e of total 
forward flow. 


EFFECT OF RESPIRATION 
Total forward flow during inspiratory cardiac 
cycles was 63:6 (35)% higher than during 
expiratory ones (p « 0.001). We saw a 
proportional increase in forward flow during 
atrial contraction, so that the contribution of 
atrial contraction to total flow was similar 
during inspiration (52-0 (10)%) and expira- 
tion (51-4 (8-8)%) (p = 0-693) (fig). 
Inspiration, furthermore, resulted in an 
increase in peak forward flow velocity during 


atrial systole from 39-8 (16-63 cm/s to 513 
(19-9) cm/s (p < 0-001). 


EFFECT OF ATRIOVENTRICULAR CONNECTION 
During expiration the atrial contribution t» 
forward flow in the pulmonarv artery tended 
to be higher in patients with double inle 
ventricle (57-4 (67)*4) than in patients wit? 
tricuspid atresia (48-6 (8-9)%%), although thi 
difference did not reach statistical significance 
(p = 0-059). Similarly, during inspiration, nc 
significant difference in either the atrial con- 
tribution to forward flow or the peak forwarc 
flow velocity was seen in the two groups. 


RETROGRADE PULMONARY FLOW 

Retrograde flow was seen in the pulmonary 
artery during early ventricular svstole in nine 
patients. While it was not possible to quantify 
the amount of retrograde flow, qualitative 
assessment suggested that the retrograde flow 
was less appreciable during inspiration. 


Discussion 

The results of this study are consistent with 
previously published observations of Doppler 
flow patterns in the pulmonary artery of 
patients with an atriopulmonary circulation 
which suggest that right atrial contraction may 
contribute to forward flow in the pulmonary 
artery.’ The addition of simultaneous res- 
pirometry, however, provides further informa- 
tion about the determinants of blood flow in the 
atriopulmonary circulation. 

It has been suggested that in the normal 
circulation the right atrium is at the peak of its 
work-function curve," Normal inspiration is 
associated with an increase in right atrial 
preload’ and it thus might be expected that 
inspiration (especially; in patients after the 
Fontan operation in whom the right atrium is 
operating further along the work-fiunction 
curve than in normal subjects) would be asso- 
ciated with a reduction in the relative contri- 
bution of atrial contraction to pulmonary flow. 
Qur observation that forward flow during atrial 
contraction is increased by inspiration, sug- 
gests that even in patients after the Fontan 
operation some preload reserve may be main- 
tained by the right atrium. An alternative 
explanation for these data would be that during 
inspiration forward flow related to atrial con- 
tractility is unchanged but the inspiratory 
increase in pulmonary forward flow during 
atrial systole is a manifestation of additional 
passive flow with the atrium acting as a conduit 
during inspiration. Perhaps more important is 
the overall contribution that atrial contraction 
makes to cardiac output after this operation. 
Clearly, in the absence of inflow valves, atrial 
contraction will not only lead to forward flow in 
the pulmonary artery, but also to retrograde 
flow into the systemic veins." The lack of a 
mean pressure rise from systemic veins to 
pulmonary artery has been suggested as 
evidence against "effective" pump function of 
the atrium in the Fontan pulmonary circula- 
tion.^ While there can be no doubt that the 
atrium is an inefficient. pump under these 
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circumstances, a direct extrapolation from 
pressure measurements to energy state may be 
somewhat simplistic. Pressure-volume loops 
from the normal right atrium, clearly show that 


- external work is being imparted to the circula- 


tion. The relative proportions of anterograde 
flow towards the pulmonary circulation.and of 
retrograde flow towards the systemic veins will 
depend on the relative hydraulic impedence to 
flow in the pulmonary vascular and the systemic 
venous beds. À comprehensive assessment of 
atrial work-function and pulmonary vascular 
impedence in patients after the Fontan opera- 
tion is required. 

There can be no doubt, however, that the 
lungs are a potentially important additional 
source of energy to the Fontan circulation. In 
our patients a 64% increase in total forward 
pulmonary flow was seen during normal in- 
spiration. The loss of this augmentation of flow, 
for example, during positive pressure ventila- 
tion, may lead to a significant reduction in 
cardiac output. Indeed, such a reduction has 
been shown during the application of low levels 
of positive end expiratory pressure to patients 
after the Fontan operation. We have 
previously shown a considerable effect of res- 
piration on pulmonary blood flow in patients 
after a total cavopulmonary shunt operation, 
when there is no atrial chamber interposed 
between the systemic veins and the pulmonary 
artery.’ In these patients it is possible to 
augment this effect and increase pulmonary 
blood flow by negative extrathoracic pressure.® 
Based on the results of the present study one 
might expect a similar effect in patients after 
atriopulmonary circulation. The potential 
clinical benefits to patients requiring assisted 
ventilation after atriopulmonary anastomosis 
are obvious. 

In summary, normal inspiratory effort sig- 
nificantly augments pulmonary blood flow in 
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patients after the Fontan operation. Further 
studies are required to assess the complex 
interrelation between atrial preload, atrial con- 
tractility, and forward pulmonary blood flow, 
but it seems that spontaneous respiratory effort 
is an important additional energy source for 
pulmonary blood flow in these patients. 


DJP is supported by the British Heart Foundation. 
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Abnormal patterns of intraventricular flow and 
diastolic filling after the Fontan operation: 
evidence for incoordinate ventricular wall motion 


D J Penny, M L Rigby, A N Redington 


Abstract 

Objective—To assess whether regional 
abnormalities of ventricular function 
are present in patients after the Fontan 
operation and to explore the implica- 
tions of any such abnormalities for ven- 
tricular filling. 

Design and  patients—Prospective 
study in which 25 patients after the Fon- 
tan operation were compared with 25 
healthy controls and 12 patients with a 
univentricular atrioventricular connec- 
tion, before the Fontan operation. 

Interventions—Doppler — echocardio- 
graphy, with simultaneous electrocar- 
diogram, phonocardiogram, and res- 
pirometer. 

Results—Isovolumic relaxation time 
was significantly longer in patients after 
the Fontan operation than in normal 
children (p < 0-001) or the preoperative 
patients (p — 0:001). Systolic intraven- 
tricular flow was detected in 60% of 
patients after the Fontan operation and 
in 42% of preoperative patients. After 
the Fontan operation 80% of patients 
showed intraventricular flow during 
isovolumic relaxation compared with 8% 
of normal children and none of the pre- 
operative patients. 

Conclusitons—Incoordinate ventricu- 
lar relaxation is common after the 
Fontan operation. This may have impor- 
tant implications for ventricular dias- 
tolic filling, pulmonary blood flow, and 
cardiac output in these patients. 


The Fontan operation! (atriopulmonary anas- 
tomosis), in which a pulmonary circulation 
devoid of a ventricular pumping chamber is 
created, has been developed as the definitive 
method for the palliation of various complex 
congenital heart lesions. By separating the 
pulmonary and systemic circulations, arterial 
oxygenation is improved and systemic ven- 
tricular preload is reduced. This operation is 
palliative rather than curative, however, with 
a significant late decline in survival and func- 
tional state as follow up is extended.? The 
principal cause of this deterioration is cir- 
culatory decompensation, but as yet the pre- 
cise mechanism for this is unclear. 

This study of systemic ventricular function 
in patients after the Fontan operation has 
principally considered the analysis of ven- 
tricular systolic pump function. Many 
patients display normal or near normal ejec- 


tion fractions at rest.? One longitudinal study 
showed an improvement in so-called load 
independent indices of contractility during a 
seven year follow up.* It thus appears unlikely 
that the late decline in functional state of 
survivors after the Fontan operation is related 
to a primary deterioration in ventricular sys- 
tolic function. It is clear that the study of 
ventricular function in patients after the Fon- 
tan operation must extend beyond the study 
of systolic pump activity only. 

Doppler echocardiography has facilitated 
the identification of dynamic blood flow pat- 
terns in the ventricular cavity during systole’ 
and diastole,? reflecting the development of 
transient intraventricular pressure changes 
secondary to incoordinate ventricular wall 
motion during ventricular contraction and 
relaxation. The presence of this intraven- 
tricular flow correlates closely with abnor- 
malities of regional wall motion, identified by 
cineangiography in patients with left ven- 
tricular disease.*° 

When present during early systole, abnor- 
malities of wall motion may have important 
implications for overall ventricular efficiency 
and rate of pressure development,’ whereas 
non-uniformity of ventricular wall motion 
during isovolumic relaxation may slow ven- 
tricular pressure decline, resulting in a 
prolongation of isovolumic relaxation time? 
and a reduction in the rate of ventricular filling 
during early diastole.? So far, regional ven- 
tricular wall motion or ventricular diastolic 
function have not been formally studied in 
patients after the Fontan operation. 

In this study, Doppler echocardiography 
was used to examine atrioventricular and 
intraventricular flow patterns in patients 
before and after the Fontan operation and in 
healthy controls, so that possible regional 
abnormalities of ventricular function might be 
explored. 


Methods 

PATIENTS 

Twenty-five patients (14 male and 11 female) 
with a-median age of 94 (range 12-22] 
months) were studied at a median interval of 
28 (0-03—105) months after the Fontan opera- 
tion. Fifteen patients had tricuspid atresia 
(with the ventriculoarterial connection con- 
cordant in 13, discordant in one, and double 
outlet in one). Eight patients had double inlet 
left ventricle (with the ventriculoarterial con- 
nection discordant in six and double outlet in 
two). One patient had pulmonary atresia with 
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intact interventricular septum and one had 
double outlet right ventricle with anomalous 
insertion. of the tricuspid valve tensor 
apparatus precluding a biventricular repair. 
Fifteen patients had previously undergone 
insertion of one or more systemic to pulmon- 
ary artery shunts, four had undergone pul- 
monary artery banding alone, two had under- 
gone pulmonary artery banding before inser- 
tion of systemic to pulmonary artery shunts, 
and four had undergone the Fontan operation 
as a primary operation. Atriopulmonary anas- 
tomosis was performed in 22 patients. In two 
patients the rudimentary ventricle was incor- 
porated into the anastomosis and in one 
patient a total cavopulmonary anastomosis 
with an intra-atrial baffle was performed.” 
Indices were compared with 25 age and sex 
matched controls and 12 patients with a 
median age of 59 (0-06—258) months and a 
univentricular atrioventricular connection 


(eight with absent tricuspid atresia and four - 


with double inlet ventricle) before the Fontan 
operation. Of these, five had undergone inser- 
tion of one or more systemic pulmonary artery 
shunts and two had undergone pulmonary 
artery banding. 


MEASUREMENTS 

Patients were studied at rest, lying in a supine 
position. Colour flow Doppler echocar- 
diograms were recorded from an apical posi- 
tion, using a 5 MHz or 3-5 MHz transducer 
interfaced with a Toshiba SSH-160A or 
Hewlett Packard Sonos 1000 ultrasound 
machine. The transducer was angled until 
optimal flow: signals were recorded and a 
pulsed wave, range gated sample volume was 
positioned at the centre of the colour signal in 
the inlet of the ventricle, at the level of the tips 
of the atrioventricular valve leaflets. Simulta- 
neous electrocardiograms, phonocardiograms, 
and respirometer were recorded. The coin- 
cidence of the first and second heart sounds on 
phonocardiogram, with mitral and aortic valve 
closure, was verified by M mode echocar- 
diography before measurements were made. 
All recordings were made at a paper speed of 
100 mm/s. 

Total electromechanical systole was recor- 
ded as time interval between the onset of the 
QRS complex on the electrocardiogram and 
the first high frequency component of the 
second heart sound (Q-A,). Isovolumic relax- 
ation time was measured as the interval bet- 
ween the first high frequency component of 
the second heart sound and the onset of early 
rapid ventricular filling (A,-E). Peak atrioven- 
tricular flow velocity during early diastole (E 
wave) and during atrial systole (A wave) was 
measured and the E:A ratio and the E:E + A 
ratio were measured in each patient." ? 


ANALYSIS i 

Measurements were averaged over three car- 
diac cycles for all indices; All data are expres- 
sed as mean (SD) and the statistical sig- 
nificance of differences between group means 
was assessed by Students t tests. The null 
hypothesis was rejected when p « 0:05. 
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Results 

TIME INTERVALS 

The RR interval was similar in patients after 
the Fontan operation (708 (141) ms), normal 
children (704 (139) ms), and in patients with a 
univentricular atrioventricular connection 
before the Fontan operation (629 (90) ms). The 
isovolumic relaxation time, however, was sig- 
nificantly longer in patients after the Fontan 
operation (93-8 (14-5) ms) than in controls (55-2 
(8-6) ms) (p < 0-0001) and the preoperative 
patients (66-4 (22-4) ms) (p = 0-001). 


ATRIOVENTRICULAR FLOW 

Atrioventricular Doppler flow showed early 
rapid E wave and atrial systolic A wave filling in 
all patients and controls, except in one patient 
with a univentricular atrioventricular connec- 
tion before the Fontan operation, who had 
summation flow, so that E and A wave filling 
could not be separated for the purposes of 
analysis. 

The E:À and the E:E + A velocity ratios 
were similar in patients before and after the 
Fontan operation (table). The E:A and the 
E:B + A ratios were higher in the normal 
children, than in both patient groups, however. 
'The E wave velocity was significantly lower in 
patients after the Fontan operation than in 
either the controls or the preoperative patients. 
In patients after the Fontan operation an 
inverse relation was observed between iso- 
volumic relaxation time and E wave velocity 
(p = 0:007). Whereas A wave velocity was 
similar in the control and post operative 
groups, À wave velocity was significantly higher 
in patients with a  univentricular atrio- 
ventricular connection before the Fontan 
operation. 


INTRAVENTRICULAR FLOW 

Fifteen of the 25 patients after the Fontan 
operation (60%) showed the presence of 
intraventricular Doppler flow during early sys- 
tole. Twenty patients had diastolic flow during 
isovolumic relaxation (80%), and 12 displayed 
both. Intraventricular flow was not detected in 
two patients after the Fontan operation. 


SYSTOLIC INTRAVENTRICULAR FLOW 
Systolicintracavitary flow (fig 1), asfoundin the 
patients after the Fontan operation, was direc- 
ted from base to apex and had a mean velocity 
of 23-7 (5-26) cm/s. This flow began in early 
systole and persisted for 241-5 (59) ms after the 
onset of the QRS comlex on the electrocar- 
diogram—that is, 71 (11-2)% of total elec- 
tromechanical systole. ‘The intraventricular 
flow during systole was distinct from the 
atrioventricular flow signal and persisted after 
atrioventricular valve closure. 

A similar pattern was detected during early 
systole in five of the 12 patients (42%) with a 
univentricular atrioventricular connection 
before the Fontan operation. This flow had a 
mean velocity of 23 (3:46) cm/s and lasted for 
237 (65-7) ms after the onset of the QRS 
complex and was not significantly different from 
that detected in patients after operation. A 
lower velocity (15 cm/s) systolic flow, which 
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Table Atrioventricular velocity profiles and velocity ratios in the three groups of subjects studied. All indices are expressed as mean (SP). The 
statistical significance of differences between groups was analysed by Student's t test 


Lor. hr 





Control v 
Post-Fontasi 


Control v 
Controls Pre-Fontan Post-Fontan Pre-Fontan 


CT eT TU A aaaea AA a TITAN d HT ITA e Re e e t A AAA AAA. 


No 25 12 25 — ne 





P PEE 
I'QHIGM 





RR interval (ms) 704 (141) 629 (90) 708 (141) NS NS 
E wave velocity (cm/s) 69.9 (18) 65-2 (36:7) 44-8 (17:1) NS p < 0001 
A wave velocity (cm/s) 29-08 (11-67) 47-8 (23-6) 33-76 (12:6) p = 0-003 NS 
E:A ratio 2:6 (0-9) 1:4 (0-4) 1-4 (0:5) p « 001 p « 0-001 
EE +A ratio 0-71 (0-07) 0-58 (0-07) 0-57 (0-08) p < 0-00] p 0001 
Isovolumic relaxation time (ms) 55-2(8:6) 66-4 (22-4) 93-8 (14-5) NS p< 0-001 








Fontan operation (80%) (fig 2). This peaked at 
or just after the time of aortic valve closure, had 
a mean velocity of 21-4 (6-7) cm/s, and ended 
with the development of atrioventricular flow. 
Intraventricular flow with a velocity of 10 cm/s 
was detected in two normal children (8%), but 
was not seen in any of the patients with a 
univentricular atrioventricular connection 
before the Fontan operation. 

There was no relation between the duration 
of follow up and the presence of abnormal 
intraventricular flow. Respiration had no sig- 
nificant effect on intraventricular flow, 


ECG* 


PCG onion 





Discussion 

This study shows the presence of two distinct 
patterns of intraventricular flow in patients 
after the Fontan operation; the first occurred 
during early systole and the second during 
isovolumic relaxation. 





Figure 1 Pulsed wave Doppler velocity tracing with simultaneous electrocardiogram 
(ECG), phonocardiogram {PCG}, and respirometer (RESP) in a patient after the 
Fontan operation. Base to apex Systolic flow ( S) is shown, which begins around the time 
of the first heart sound on the phonocardiogram ( S,). There is continued atrioventricular 
flow during mid-diastole ( diastasis flow) in this patient. 


SYSTOLIC INTRAVENTRICULAR FLOW 

In 15 of 25 patients (60%) an intraventricular 
Doppler signal, reflecting blood flow towards 
the apex, occurred in early systole. l'his was 
distinct from the atrioventricular flow, and 
persisted for about 70% of electromechanical 
systole. A similar signal was seen in five of 12 
patients (42%) with a univentricular atrioven- 
tricular connection before the Fontan opera- 
tion, but in only two of 25 normal children. 
Although the precise mechanism for this Row 
remains uncertain we postulate that as in other 
groups of patients with left ventricular disease,’ 
it occurs as a result of incoordinate ventricular 
contraction during early systole. 

This hypothesis is supported by the 
angiographic data of Gibson and coworkers, 
which showed the presence of delaved onset of 
ventricular contraction and areas of regional 
hypokinesis in 11 of 20 patients with a univen- 
tricular atrioventricular connection." There 
was evidence of incoordinate relaxation in only 
four patients, although this study did not 
include patients after the Fontan operation. 

The aetiology of this systolic incoordination 
may be related to an alteration in the arrange- 
ment of muscle fibres and ventricular geometry 
resulting from the underlying congenital heart 





Figure 2. Pulsed wave Doppler velocity tracing in a patient after Fontan operation. 
Isovolumic relaxation flow (R) peaks at the time of the second heart sound on the 
phonocardiogram ( S,) and persists until the development of early rapid ventricular 
filling. ECG, electrocardiogram; PCG, phonocardiogram; Resp, respirometer. 


lasted for only 145 ms after the onset of the 
QRS complex (42% of total electromechanical 
systole), was detected in two of the 25 normal 
children. 


INTRAVENTRICULAR FLOW DURING ISOVOLUMIC 
RELAXATION 
An early diastolic intraventricular base to apex 


' flow signal was detected in 20 patients after the 


lesion," or from chronic volume overload," or 
which may be secondary to myocardial necrosis 
or fibrosis manifest in the myocardium of some 
patients with congenital heart disease from an 
ealy age." It is not surprising that the incidence 
of systolic intraventricular flow is not increased 
by the Fontan operation, as neither afterload 
nor global ventricular systolic function seems 
to be significantly worsened. 
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INTRAVENTRICULAR FLOW DURING ISOVOLUMIC 
RELAXATION 

By contrast with systolic flow, the incidence of 
intraventricular flow during isovolumic relaxa- 
tion was much higher in patients after the 
Fontan operation (80%) than in the healthy 
children (89%) and in the children with a 
univentricular atrioventricular connection 
before the Fontan operation (0%). Again, the 
exact mechanism for this phenomenon is 
unclear, but incoordinate ventricular relaxa- 
tion may be an explanation. M mode echocar- 
diography studies showed that an acute reduc- 
tion in ventricular preload precipitated the 
development of incoordinate left ventricular 
relaxation in patients with ischaemic heart 
disease. Furthermore, in patients with left 
ventricular hypertrophy a similar pattern of 
base to apex intraventricular flow during iso- 
volumic relaxation was attributed to incoordi- 
nate relaxation demonstrated by angiography.° 
By separating the pulmonary and systemic 
circulations, the Fontan operation imposes an 
acute and dramatic preload reduction on a 
previously volume loaded ventricle. Further- 
more, our own findings suggest that consider- 
able systemic ventricular "hypertrophy" may 
develop at the time of the Fontan operation. 
Presumably this is related to an acute reduction 
in preload in a ventricle in which shortening 
fraction and muscle mass remain constant. 
Indeed in patients studied two months after 
this operation posterior wall thickness was 
increased.‘ It thus seems reasonable to pos- 
tulate that the diastolic flow in patients after the 
Fontan operation reflects the development of 
incoordinate ventricular relaxation resulting 
from an acute preload reduction and the 
development of a “hypertrophic” left ventricle 
at the time of operation. 


VENTRICULAR RELAXATION AND 
ATRIOVENTRICULAR FLOW 

Incoordinate ventricular relaxation results in 
an impairment of overall ventricular relaxation 
with prolonged isovolumic relaxation time, 
which may cause a reduction in atrioventricular 
flow velócity during early diastole.? In our 
patients after Fontan operation, the isovolumic 
relaxation time was prolonged and early atrio- 
ventricular filling was lower than in healthy 
children and patients before operation. 

Both H and A wave atrioventricular vel- 
ocities were proportionately lower in post- 
operative patients, however, than in patients 
before the Fontan operation, so that E:A and 
E:E + A ratios were similar in the two groups. 
Thus the lower rate of ventricular filling in the 
patients after operation may merely reflect a 
reduction in total stroke volume consequent on 
separation of the systemic and pulmonary cir- 
culations. It would be premature to assume that 
these data provide evidence for changes in 
ventricular compliance characteristics result- 
ing from the Fontan operation. The inverse 
relation between isovolumic relaxation time 
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and early filling velocity in these patients sug- 
gests that impaired ventricular relaxation may 
be the primary cause of altered filling after this 
operation. 

'This study does provide evidence for the 
development of incoordinate ventricular relax- 
ation in patients after the Fontan operation. We 
postulate that the underlying mechanism for 
these abnormalities is related to a combination 
of preload reduction and acquired ventricular 
hypertrophy. The presence of incoordinate 
ventricular relaxation may alter ventricular 
diastolic function, which in turn may influence 
pulmonary blood flow after the Fontan opera- 
tion. T'he possible influence of abnormal ven- 
tricular relaxation on diastolic filling and car- 
diac output after the Fontan operation warrant 
further study. 


DIP 1$ supported by the British Heart Foundation. 
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Echocardiographic and angiographic diagnosis of 
Ebstein’s anomaly of the mitral valve 


Jose Luiz Balthazar Jacob, Luis Carlos da Silveira, Domingo Marcolino Braile 


Abstract mitral valve also adhered to the 

A rare case of Ebstein's anomaly of the tricular wall; it too was free below 

mitral valve was diagnosed by cross sec- the tricuspid valve. 

tional echocardiography and  angio- This echocardiographic image sugge | 

graphy. cordant atrioventricular connection with t 
usual atrial arrangement; however, th 
arteries were in the norma! positio! 

Case report Doppler study showed severe mit 

A black, female child, aged 2 years and 9  gitation and catheter studies shi 

months, had presented with a heart murmur monary artery hypertension. Angiocard: 

when she was 10 days old. When she was one, graphy showed that the pulmonar | 

frequent dyspnoea developed and by the age arose from an enlarged right ventri 

of two she was in congestive cardiac failure systolic function of the left ventricle. v 


that improved with drug treatment. She was reduced. The mitral mural leaflet was di 

transferred to our hospital nine months later placed downwards into the lefi tric! 

for catheterisation and surgical treatment. Much of the mural leaflet adhered 
Physical examination showed poor growth posterior wall of the left ventrich 

and development. The first heart sound was There was coaptation of mitral leat 

normal and the second heart sound was accen- systole below the mitral valve annu 


tuated. A pansystolic grade 4/6 murmur was the apex of the left ventricle, which ca 
heard at the apex and the third heart sound functional atrialisation of the proxin 
was audible. There was no oedema and the this ventricle (fig 2). 


peripheral pulses were normal. There was severe mitral regurgitat 
Instituto de Moléstias Electrocardiography showed sinus rhythm dilatation of the left atrium. Eb 
Cardiovasculares, IP RM EE : ecd MU wem a : 
São Paulo, Brazil and evidence of hypertrophy of both the atria anomaly of mitral valve was diagn 
J L B Jacob and the right ventricle. The chest xray surgery confirmed the features seen at 
L C da Silveira showed considerable cardiomegaly. Cross sec- cardiography and angiocardiograph: | 
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tional echocardiography showed that the mural leaflet was displaced downward an 
mitral mural leaflet was displaced downwards, much of it adhered to the ventricular wall; | 


Jacob, Rua Castelo D'Agua and that much of it adhered to the left ven- the wall thickness of the atrialised par! 
3030, São Jose do Rio Preto, i are > free > , » avel (0C e wele ye , ^ tram i 
Cep 15015, São Paulo, tricular wall. It became free below the level of ventricle was normal and the trabec ! 
Brazil. the tricuspid valve (fig 1). The aortic leaflet of | normal. The mitral leaflets were dysp! 


The mitral valve was replaced wit! Yt 
Biomedica bovine pericardium  prosth 
The subsequent course was uneventfu 


Discussion 

Ebstein's anomaly of mitral valve a rai 
malformation first described by Ruschhaup! 
al' and later reported by others." ' Publ: 


reports generally describe the necrop 
ings.' '" The embryological origin is obscutr 
Adherence of mitral leaflets to the | 

tricular walls, which displaces the 
coaptation of the leaflets toward ipe 
the ventricle, is described in other repor 
cases.^^"^ In our patient echocardiog! 
identified the downward displacemet: 
Figure | (A) Longitudinal echocardiogram showing the downward displacement of the mitral mural leaflet. This suggested j 
mitral mural leaflet, much of which adhered to the wall of left ventricle (arrows). Leaflet dant atrioventricular conne ti on witl 
coaptation of the mitral valve (MV) was displaced downward to the apex of left VIS WO = = Mies 
ventricle. The mitral annulus | An) was in the normal position. The aorta ( Ao), left atrial arrangement; but a more detailed 
atrium (LA) and right ventr cle (RV) are visible. ( B) Apical four chamber ination showed the normal attachment 
'chocardiogram showing co 'aflets (MV) below the tricuspid valve . 
echocardiogram showing coaptation of mitral leaflets MV ) below the tricuspid valve aortic leaflet of the mitral valve l'hi 


( Tv) level. The mitral valve annulus ( An) was in the normal position, above the de 
tricuspid valve ( Tv). The lef" atrium (LA) was enlarged. true diagnostic criterion for Ebstein s an 





isk 
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Figure 2 


j | 


(A) Angiocardiogram of the left ventricle ( LV ) in diastole (right anterior 


oblique view) showing downward displacement of mitral mural leaflet (black arrow), 
and its considerable adherence to the ventricular wall (arrowheads ). 

(B) Angiocardiographic image of the left ventricle ( LV ) in systole (right anterior, 
oblique view ) showing downward displacement of mitral leaflet coaptation (arrowheads ) 
and the *‘atrialised” part of ventricle ( aLV ). Severe mitral regurgitation and the 
enlarged left atrium (LA) are also visible. 


of the mitral valve.’ Longitudinal and apical 
four chamber views gave excellent echocar- 
diographic images of the anatomical features 
of this anomaly. 

The angiocardiographic study confirmed the 
echocardiographic features and showed the 
displacement of mitral mural leaflet, its 
adherence to the ventricular wall, and the 
atrialisation of the proximal part of the left 
ventricle. Angiocardiography in right anterior 
oblique view was very useful in the diagnosis 
of this malformation, and for evaluation of 
mitral regurgitation. 

There are reported cases of only functional 
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atrialisation of the left ventricle,^ ^ but there is 
also a report on true anatomical atrialisation of 
the proximal part of the left ventricle, in 
which the atrialised part of the ventricle had 
thin, smooth walls. 

In some cases Ebstein's anomaly of the 
mitral valve was associated with other malfor- 
mations,' *^ but in our case it was not. Perhaps 
this was why our patient survived to the age of 
2 years and 9 months, and why surgical treat- 
ment was successful. 

Surgical repair, which is often used for 
Ebstein's anomaly of the tricuspid valve,' 
could not be used in our patient, because the 
leaflets were so dysplastic.' 

Though Ebstein's anomaly of the mitral 
valve is rare, it must be considered in patients 
with congenital mitral regurgitation. It is best 
detected by cross sectional echocardiography 
and angiocardiographic study. 


1 Ruschhaupt DG, Bharati S, Lev M. Mitral valve malforma- 
tion of Ebstein type in absence of corrected transposition 
Am J Cardiol 1976;38:109—12. 

2 Becker AE, Anderson RH. Anomalies of the atrioventricular 
junction. In: Cardiac pathology: an integrated text and 
colour atlas. London: Churchill Livingstone, 1983:11.29 

3 Anderson RH, Macartney FJ, Shinebourne EA, Tynan M. 
Mitral valve anomalies and supravalvar mitral ring. In: 
Anderson RH, Macartney FJ, Shinebourne EA, Tynan 
M, eds. Pediatric cardiology. New York: Churchill Living- 
stone, 1983:1023-56. 

4 Caruso G, Cifarelli ABG, Facilome F. Ebstein's malforma- 
tion of the mitral valve in atrioventricular and ventriculo- 
arterial concordance. Pediatr Cardiol 1987;8:209—10. 

Leung M, Rigby ML, Anderson RH, Wyse RKH, 
Macartney FJ. Reversed offsetting of the septal attach- 
ments of the atrioventricular valves and Ebstein’s malfor- 
mation of the morphologically mitral valve. Br Heart J 
1987357: 184-7. 

Dusmet M, Oberhaensli I, Cox JN. Ebstein’s anomaly of the 
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Br Heart J 1987:58:400—4. 

7 Danielson GK, Fuster V. Surgical repair of Ebstein's 
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Double outlet left ventricle: diagnosis with 
magnetic resonance imaging 


Sidney A Rebergen, Gerard L Guit, Albert de Roos 


Abstract 

A complex congenital cardiac malfor- 
mation in a female patient was evaluated 
several times by angiocardiography and 
echocardiography in childhood but a 
definite diagnosis was not established. 
Segmental analysis of the heart and the 
great vessels by magnetic resonance 
imaging when the patient was 34, 
however, showed a double outlet left 
ventricle in which the aorta was situated 
anterior to and to the left of the pulmon- 
ary trunk and an associated subaortic 
ventricular septal defect with pulmon- 
ary valve stenosis. 

This is the first time that this extremely 
rare cardiac malformation has been 
diagnosed by magnetic resonance 
imaging. 


Double outlet left ventricle is a rare (incidence 
less than 1 in 200 000') congenital cardiac 
malformation in which the aorta and the pul- 
monary trunk both arise entirely or predomin- 
antly above the morphologically left ventricle. 
Eighteen cases of the type described in this 
paper have been reported.’ 

Magnetic resonance imaging is a valuable, 
non-invasive tool for the visualisation of the 
anatomy of the heart, especially when com- 
plex cardiac malformations are suspected.’ It 
can also be used to perform segmental 
analysis’ to define atrial situs, atrioventricular 
connections, ventricular morphology, ven- 
triculoarterial connections, the position of the 
great arteries, and associated defects. We des- 
cribe the use of magnetic resonance imaging 
in a case of double outlet left ventricle in 
which a definite diagnosis was never estab- 
lished despite extensive echocardiographic 
and angiocardiographic examination. 


Case report 

This female patient presented with asphyxia 
and frequent attacks of mild cyanosis shortly 
after birth and was examined by angiocar- 
diography at the age of 11 years (we have no 
information on earlier examinations). The 
diagnosis at the time was a double outlet right 
ventricle of the Taussig-Bing type associated 
with a ventricular septal defect. 

At the age of 15 years she complained of 
fatigue during moderate exercise. Physical 
examination showed moderate cyanosis, car- 
diomegaly, a pansystolic murmur 3/6 at the 
apex, and an ejection type murmur 5/6 over 


the second left intercostal space. The electro 
cardiogram showed right axis deviation and : 
right bundle branch block pattern. The ches 
x ray showed an enlarged heart, a 
vascular pedicle, and pulmonary plethora. A 
ventricular septal defect with right to left 
shunting and pulmonary stenosis was suspe 
ted. She was recatheterised and the suspected 
findings were confirmed. The origin of the 
aorta was shown to be anterior and to the left 
of the origin of the pulmonary trunk. Oxygen 
saturation was higher in the pulmonary artery 
(84%) than in the aorta 
correction was not advised at the time because 
the symptoms were mild 

Echocardiography when she was 32 recon- 
firmed the results of angiocardiography, but a 
definite diagnosis could not be established. At 
the age of 34, cyanosis had slightly increased 
and the patient was referred to our hospital 
for magnetic resonance imaging of the heart 
and great vessels. Spin echo acquisitions were 
performed in the three orthogonal planes with 
a 1:5 T imager (Philips Gyroscan 
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was continued with a sagittally oriented 
gradient (cine) echo acquisition in the plane 
through the ventricular septal defect to visual 
ise shunt flow and left ventricular outflow 


Segmental analysis was used to identify atrial 
situs, ventricular morphology,  atrioven 
tricular connections, ventriculoarterial con 
nections, position of the great arteries, and 
associated defects. 


SITUS 
The bronchial anatomy seen on conventional 





Magnetic resonance image of an axial slice 
midventricular level shows the slightly more apica 
attachment of the tricuspid valve to the septum : arro 
and the coarser trabeculation of the anterior ventri 
(asterisk), indicating a morphologically right ventri 
The muscular infundibulum was identified in a mor 
cephalad section. 


Figure | 
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Figure 2 Magnetic resonance image of a coronal slice 
through the posterior morphologically left ventricle (L), 
showing the connection with the severely dilatated 
pulmonary trunk ( asterisk). 


radiography indicated situs solitus of the atria. 
This was confirmed bv identification of the 
atrial appendages and the location of the 
inferior vena cava, abdominal aorta, liver and 
stomach on a coronal magnetic resonance 
imaging series. Both venae cavae drained nor- 
mally into the right atrium. 


ATRIOVENTRICULAR CONNECTIONS 

Axial slices showed that the anteriorly situated 
ventricle was the morphologically right ven- 
tricle, in view of the thick muscular outflow 
tract, the trabecular pattern, and the more 
apical septal slip attachment of the tricuspid 
valve to the septum compared with the mitral 
valve. Moreover, there were two atria, each 
draining into their own ventricle (fig 1). The 
total picture was one of biventricular concor- 
dant atrioventricular connections. 


VENTRICULOARTERIAL CONNECTIONS 

The coronal slices clearly showed a dilated 
pulmonary trunk originating from the pos- 
terior (morphological left) ventricle (fig 2). 
The left sided aorta was connected with the 
infundibulum of the anterior ventricle, strad- 
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Figure 3 Magnetic resonance image of a sagittal slice in 
the plane of the ventricular septal defect (arrow) clearly 
showing the relation of the aorta ( asterisk) to the defect, 
resulting in the posterior, morphologically left ventricle 
(L) being the main source of aortic blood supply. 





Rebergen, Guit, de Roos 


dling the ventricular septum in such a way 
that most of the aorta arose above the left 
ventricle. This indicated that the patient had a 
double outlet left ventricle. 


POSITION OF THE GREAT ARTERIES 

The origin of the pulmonary trunk was 
-ocated to the right, caudal, and posterior of 
the aortic origin—a situation which is often 
seen in congenitally corrected (discordant 
atrioventricular connections) transposition. A 
subaortic muscular infundibulum was iden- 
tified together with pulmonary-mitral fibrous 
continuity. 





ASSOCIATED DEFECTS 

A defect of the atrial septum was found within 
the region of the oval fossa." ^ The ventricular 
septal defect was clearly visualised in the 
sagittal plane (fig 3). The location was sub- 
aortic, resulting in the aorta being supplied 
mainly by the morphological left ventricle. 


FUNCTIONAL EVALUATION 

Cine magnetic resonance imaging, especially 
in the movie mode, showed diastolic right to 
left shunting and systolic flow from the left 
ventricle into the aorta. 

Segmental analysis performed with mag- 
netic resonance imaging indicated a diagnosis 
of double outlet left ventricle in which the 
origin of the aorta lay anterior and left from 
the origin of the pulmonary trunk together 
with severe dilatation of the pulmonary trunk 
(consistent with the pulmonary valve stenosis 
found at echocardiography), a subaortic ven- 
tricular septal defect with right to left shunt- 
ing, and an atrial septal defect within the 
region of the oval fossa. 


Discussion 

Double outlet ventricles with biventricular 
arterioventricular connections account for 
about 1% of all cases of congenital heart 
disease and the left ventricle is affected in less 
than 5% of these cases.’ Over 100 cases of 
double outlet left ventricle have been reported 
since 1967." Before then this anomaly was 
regarded as being embryologically impossible." 
Until recently this complex malformation 
could be examined only by angiocardio- 
graphy.’ In our patient surgical intervention 
was postponed because cyanosis was mild and 
the anatomical diagnosis was uncertain. 
Because of the patient's increasing fatigue and 
cyanosis magnetic resonance imaging was per- 
formed to elucidate the anatomy and 
haemodynamic function. 

Surgical correction is often achieved by 
closing the ventricular septal defect, discon- 
necting the pulmonary trunk from the left 
ventricle, and re-establishing the connection 
between the right ventricle and pulmonary 
trunk through an external conduit. In some 
cases a  Fontan-type correction may be 
preferred. Even intraventricular rerouting can 
be performed occasionally." The development 
of pulmonary arterial hypertension, however, 
may limit the surgical options. When a final 
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diagnosis cannot be established with the con- 
ventional methods, magnetic resonance imag- 
ing can be of great value in the analysis of 
complex congenital malformations of the 
heart, as is shown in this case of a very rare 
cardiac malformation. 


We thank Dr M El Gamal, Deparunent of Cardiology, Cath 
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Physical activity and ischaemic heart disease in 


middle-aged British men 


A G Shaper, Goya Wannamethee 


Abstract 

Objective—To assess the relation be- 
tween reported physical activity and the 
risk of heart attacks in middle aged 
British men. 

Design-—Prospective study of middle- 
aged men followed for a period of eight 
years (The British Regional Heart 
Study). 

Setting—One general practice in each 
of 24 British towns. 

Participants—7735 men aged 40-59 
years at initial examination. 

End potnt—Heart attacks (non-fatal 
and fatal). 

Measurements and main results— 
During the follow up period of eight 
years 488 men suffered at least one major 
heart attack. A physical activity score 
used was developed and validated 
against heart rate and lung function 
(FEV,) in men without evidence of 
ischaemic heart disease. Risk of heart 
attack decreased significantly with 
increasing physical activity; the groups 
reporting moderate and moderately 
vigorous activity experienced less than 
half the rate seen in inactive men. The 
benefits of physical activity were seen 
most consistently in men without pre- 
existing ischaemic heart disease and up 
to levels of moderately vigorous activity. 
Vigorously active men had higher rates 
of heart attack than men with moderate 
or moderately vigorous activity. The 
relation between physical activity and 
the risk of heart attack seemed to be 
independent of other cardiovascular risk 
factors. Men with symptomatic 
ischaemic heart disease showed a reduc~ 
tion in the rate of heart attack at light or 
moderate levels of physical activity, 
beyond which the risk of heart attack 
increased. Men with asymptomatic 
ischaemic heart disease showed an 
increasing risk of heart attack with 
increasing levels of physical activity, but 
with a progressive decrease in case 
fatality. Overall, men who engaged in 
vigorous (sporting) activity of any 
frequency had significantly lower rates of 
heart attack than men who reported no 
sporting activity. However, when all men 
reporting regular sporting activity at 
least once a month were excluded from 


analysis, there remained a strong inverse 
relation between physical activity and 
the risk of heart attack in men without 
pre-existing ischaemic heart disease. 

Conclusion—lhis study suggests that 
the overall level of physical activity is an 
important independent protective factor 
in ischaemic heart disease and that 
vigorous (sporting) exercise, although 
beneficial in its own right, is not essential 
in order to obtain such an effect. 


There is considerable evidence that increased 
levels of physical activity are associated with 
lowered incidence rates of ischaemic heart 
disease.’ Particular attention has been paid to 
leisure time activity because few middle-aged 
men do physically demanding work and 
because, in public health terms, occupational 
activity is not amenable to change. Studies in 
British civil servants suggest that exercise is 
associated with a reduced risk of coronary 
events only when the exercise is both vigorous 
and sustained.** This raises the important 
issue of whether lesser levels of physical 
activity have any effect on diminishing the risk 
of heart attack, an issue of considerable 
importance in a society in which regular 
vigorous activity is exceptional. Studies in the 
United States suggest that there is a con- 
tinuous relation between physical activity and 
protection from heart attack." It has been 
suggested that this beneficial effect is largely 
mediated by the effects of physical activity on 
known coronary risk factors.’ In most studies, 
the relation has been examined in people free 
of clinical evidence of ischaemic heart disease 
and little is known about the long term effects 
of exercise in people with pre-existing 
evidence of ischaemic heart disease. The 
present paper examines the relation between 
physical activity and risk of heart attack 
in middle-aged men, drawn from general 
practices in 24 British towns, which are 
representative of the socioeconomic distribu- 
tion of men in Great Britain. It includes men 
with pre-existing ischaemic heart disease. 


Subjects and methods 

The British Regional Heart Study is a large 
prospective study of cardiovascular disease 
comprising 7735 men aged 40—59 selected from 
age-sex registers of one group general practice 
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in each of 24 towns in England, Wales, and 
Scotland. The criteria for selecting the town, 
the general practice, and the subjects as well as 
the methods of data collection have been re- 
ported.? Research nurses administered to each 
man a standard questionnaire that included 
questions on smoking habits, alcohol intake, 
physical activity, and medical history. Several 
physical measurements were made and blood 
samples were taken for measurement of bio- 
chemical and haematological variables. Details 
of the measurement of serum lipid concentra- 
tions have been described. The men were 
classified according to their current smoking 
status into five groups: those who had never 
smoked, ex-cigarette smokers, and three 
groups of current smokers (<20, 20, >20 
cigarettes/day). Those who had only ever 
smoked pipe/cigars were grouped as “never 
smoked”. Ex-cigarette smokers who currently 
smoked pipe/cigars were grouped as ex- 
cigarette. smokers. Alcohol consumption was 
recorded using questions on frequency, quan- 
tity, and type, similar to those used in 
the 1978 General Household Survey. Heavy 
drinkers were defined as those who regularly 
drank more than six drinks a day. The longest- 
held occupation of each man was recorded, and 
the men were grouped into one of six of the 
Registrar General's social classes: I, II, III 
non-manual, III manual, IV, and V. Men who 
had spent most of their working life in the 
armed forces form a separate group. For some 
analyses social classes I, II, and III non- 
manual were combined as non-manual workers 
and social classes III manual, IV, and V as 
manual workers. Body mass index calculated as 
weight/height^ was used as an index of relative 
weight. Each man was weighed in trousers and 
socks to the nearest 0-1 kg on an MPS110 field 
survey scale and height was measured without 
shoes to the nearest millimetre with a 
Harpenden Stadiometer with digital meter. 
Obesity was defined as >28 kg/m’, which 
represents the top 20% of the body mass index 
distribution in these men. Heart rate was 
determined from the  electrocardiogram. 
Forced expiratory volume in one second 
(FEV,) was measured by a Vitalograph 
spirometer (model J49-B2) with the subject 
seated. Two consecutive readings were made 
15 seconds apart and the maximum of these two 
readings was used. The FEV, values used in 
this paper are height standardised to 1-73 m, 
the average height of the men in this study. 


BREATHLESSNESS 

A modified version of the Medical Research 
Council Questionnaire on Respiratory Symp- 
toms (1966 version) was administered at the 
initial examination. Each man was asked: 
(a) Do you get short of breath walking with 
people your own age on ground level? (b) On 
walking up hills or stairs, do you get more 
breathless than people your own age? (c) Do 
you ever have to stop walking because of 
breathlessness? Each affirmative answer scored 
1, giving a possible score of 0-3. Those who 
scored —1 were defined as those reporting 
symptoms of breathlessness. 
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Table 1 Type and duranon[frequency of physical 
activity with assigned scores and number of men 


Activity Score n 
None 0 4459 
<20 min/weekday I 822 
21-40 2 941 
41-60 3 717 
61-90 4 162 
>90 5 79 

Recreational activity 
Very inactive 0 333 
Fairly mactive 1 906 
Average (4 h/ weekend) 3 2478 
Fairly active 5 2086 
Very active 7 1899 

Cycling: 

None 0 6759 
<15 mm/day 2 

6—30 4 233 
31-45 6 110 
46-60 8 68 
-1h 10 23 

Sporting activity 

one 0 4722 
Occ (<1 mnth) 2 894 
1-3 times/mnth 4 390 
4-7 8 764 
8-11 12 421 
12-15 16 233 
16-19 20 93 
220 24 190 


These categories are not mutually exclusive 


PRE-EXISTING ISCHAEMIC HEART DISEASE 

The prevalence of ischaemic heart disease was 
measured in three ways at initial examination. 
(a) The men were asked whether a doctor had 
ever told them that they had angina or myo- 
cardial infarction (heart attack, coronary 
thrombosis). 

(6) The WHO (Rose) chest pain questionnaire 
for angina or possible myocardial infarction 
was administered to all men at the initial 
examination." 

(c) A three orthogonal lead electrocardiogram 
was recorded at rest and analysed by computer 
in the Department of Medical Cardiology, 
Glasgow Royal Infirmary. 

The men were separated into three groups 
according to the degree of evidence of 
ischaemic heart disease present at screening. 
(A) No evidence of ischaemic heart disease on 
WHO (Rose) chest pain questionnaire, elec- 
trocardiogram, or recall of a doctor diagnosis of 
ischaemic heart disease (n = 5767). 

(B) Men with evidence suggesting ischaemic 
heart disease short of a definite myocardial 
infarction. This group contains those with 
electrocardiographic evidence of possible 
myocardial infarction and definite or possible 
myocardial ischaemia, those with angina or a 
possible myocardial infarction on WHO chest 
pain questionnaire, or those with recall of a 
doctor-diagnosis of angina (n = 1515). 

(C) Men with evidence of a previous definite 
myocardial infarction on electrocardiogram or 
who recalled a doctor diagnosis of a heart attack 
(n = 428). 

In the subsequent analyses men in groups B 
and C are regarded as having pre-existing 
ischaemic heart disease. 


PHYSICAL ACTIVITY 

The men were asked to indicate their usual 
pattern of physical activity, under the headings 
of regular walking or cycling, recreational 


386 


activity, and sporting (vigorous) activity. A 
physical activity (exercise) score was derived 
for each man based on the frequency and type 
(antensity) of the physical activity. Scores were 
assigned for each type of activity and duration 
based on the intensity and energy demands of 
tbe activities reported (table 1). This was based 
on the recommendations of a National Heart, 
Lung and Blood Institute (NHLBI) work- 
shop" and the Minnesota intensity codes." 
Scores were heavily weighted on vigorous 
exercise. Physical activity at work was excluded 
from the score partly because few middle-aged 
men do physically demanding work and partly 
because such activity is not readily amenable to 
modification. Though the gradings were 
arbitrary we tried to ensure that any given score 
implied approximately equal intensity and 
energy demands for the various types of 
activity. The total score for each man was not a 
measure of total time spent in physical activity 
but was a relative measure of how much 
physical activity has been carried out or energy 
expended. Regular walking and cycling related 
to weekday journeys, including those to and 
from work. Recreational activity includes 
gardening, pleasure walking, and do-it-your- 
self jobs. Sporting (vigorous) activity includes 
running, golf, swimming, tennis, sailing, dig- 
ging, etc. It was not possible to identify the type 
of vigorous activity for each man (copies of the 
questionnaire are available on request) but it 
was regarded as being vigorous. 


PHYSICAL ACTIVITY INDEX 
The men were grouped into six broad 
categories based on their total score. 

0-2 Inactive (n = 686). 

3-5 Occasional (n = 2345). Regular walk- 
ing or recreational activity only. 

6-8 Light (n = 1761). More frequent 
recreational activities or vigorous exer- 
cise less than once a week. 

9-12 Moderate (n — 1205). Cycling or very 
frequent recreational activities or sport- 
ing activity once a week. 

13-20 Moderately vigorous (n = 1120). Sport- 
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Figure 1 Distribution of physical activity index in 7630 men. 
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ing activity at least once a week or 
frequent cycling, plus frequent 
recreational activities or walking; or 
frequent sporting activity only. 

221 Vigorous (n = 513). Very frequent 
sporting exercise or frequent sporting 
exercise plus other recreational 
activities. 


FOLLOW UP 

All men, whether or not they showed evidence 
of ischaemic heart disease at initial examina- 
tion, were followed up for all cause mortality 
and cardiovascular morbidity. Information on 
death was collected through the established 
"tagging" procedures provided by the 
National Health Service registers in Southport 
(England and Wales) and Edinburgh 
(Scotland). Major ischaemic heart disease 
events (fatal and non-fatal) were based on an 
eight year period of follow up for all men. A 
non-fatal myocardial infarction was diagnosed 
according to WHO criteria. Fatal events were 
defined as death from ischaemic heart disease 
(International Classification of Disease 9th 
revision: codes 410-414) as the underlying 
cause. They comprised any ischaemic heart 
disease death in an individual during the eight 
vear follow up irrespective of a previous non- 
fatal event during that period. Case fatality was 
defined as the proportion of the major ischaemic 
heart disease events in which death occurred 
during the first event during follow up and 
within 28 days and in which the death certificate 
recorded ischaemic heart disease (ICD codes 
410-414). 


STATISTICAL METHODS 

Multiple logistic regression was used to obtain 
the rates adjusted for age, smoking, body mass 
index, and social class and the relative risks 
adjusting additionally for breathlessness, high 
density lipoprotein-cholesterol, total cho- 
lesterol, and systolic blood pressure. Age, 
body mass index, high density lipoprotein- 
cholesterol, total cholesterol, systolic blood 
pressure were fitted as continuous variables, 
physical activity as five dummy variables, 
smoking as four dummy variables (never, ex-, 
light, moderate and heavy), social class as two 
dummy variables Gnanual, non-manual and 
armed forces) and breathlessness as three 
dummy variables (none, light, moderate and 
severe). Tests for trend were assessed by 
assigning quantitative values 1~6 for the six 
groups of physical activity and fitting physical 
activity as a continuous variable rather than as 
five dummy variables. 


Results 


Within the eight year follow up there were 488 
major ischaemic heart disease events (“‘heart 
attacks") (fatal 217 and non-fatal 271). The 
physical activity total score was available for 
7630 men. Some men did not provide details on 
all the components that contributed to the score 
(n = 105, including six who experienced a 
heart attack) and they have been excluded from 
analyses that use the total score. The total score 
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Figure 2 Mean heart 
rate and FEV, according 
to physical activity index 
in 5714 men with no 
evidence of ischaemic heart 
disease. Means adjusted 
for age, body mass index, 
social class, and smoking 
Status. 
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ranged from 0 to 41 with a median of 7. Figure 1 
shows the distribution of the score. 


VALIDITY OF THE SCORE 

It is well established that regular exercise 
improves physical fitness and lowers heart rate. 
Because heart rate is strongly influenced by the 
presence of pre-existing heart disease we 
examined the association between physical 
activity and heart rate in men with no evidence 
of ischaemic heart disease (fig 2). There was a 
strong association between physical activity 
and heart rate even after adjusting for age, body 
mass index, social class, and smoking, with 
heart rate decreasing significantly with increas- 
ing activity (p < 0 0001). 

FEv, was also considered as a possible 
method of validating the physical activity index 
and it increased progressively with increasing 
physical activity (p « 0-0001), even after 
adjusting for age, body mass index, social class, 
and smoking (fig 2). However, although 
ventilatory capacity is related to recreational 
activity, it is poorly correlated with other 
measures of physical fitness'* and validation in 
this study rests on the relation with heart rate. 


PHYSICAL ACTIVITY AND HEART ATTACK 

Figure 3 shows the crude and age adjusted 
heart attack rates for all men in the study 
separated into the six physical activity 
categories. Men who were inactive had a 
significantly higher attack rate than all other 
men and risk decreased significantly with 
increasing activity (p < 0:001). The apparent 
benefit of physicalactivity was most clearly seen 
in those who did moderate to vigorous activities 
(score > 9). These men had more than a 50% 
reduction in the risk of heart attack compared 
with men who were inactive. 


PHYSICAL ACTIVITY AND PERSONAL 
CHARACTERISTICS 

Because physical activity is known to be 
associated with other health related behaviours 
and is also conditioned by ill health, we 
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examined the personal characteristics and 
prevalence of ischaemic heart disease in the six 
physical activity categories (table 2). Those 
who were moderately active or more (score > 
9) tended to be younger and were more likely to 
be non-manual workers. There was little 
difference in age and social class between those 
who were inactive (0-2) and men who were 
occasionally or lightly active (score 3-8). The 
proportion of current smokers decreased with 
increasing physical activity. The proportion of 
ex-smokers was similar in all groups. The 
proportion of men who had never smoked was 
highest in the most active group and decreased 
considerably towards those who are inactive. 
The proportion of obese men decreased 
progressively with increasing activity even 
though the mean body mass index only 
decreased slightly. Inactive men were more 
likely to be heavy drinkers (> 6 drinks daily) 
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Table 2 Personal characteristics and prevalence of ischaemic heart disease and breathlessness according to physical 


activity score 
Physical actrvity index 
0-2 3-5 
No of men (9$) 686 (9) 2345 (31) 
No. IHD events 71 171 
Age 
Mean 50-9 50 8 
SE (0-22) (0 12) 
% 55-59 29 28 
% Manual 67 66 
% Smoker. 
Current 53 44 
Ex 32 35 
Never 15 19 
Mean BMI 25 8 25 7 
SE (0 15) (0 07) 
% Obese 25 
t4 Heavy drinkers 16 11 
% IHD (any): 36 27 
S oangina (Q) or recall 
(D 25 16 
% MI (ECG/DK) 88 6-8 
B casness: 
% Any 36 9 214 
% Severe 12 3 43 


6-8 9—12 13-20 21 4 

1761 (23) 1205 (16) 1120 (15) 513 (7) 
116 56 44 

50-6 501 48-8 49-0 

(0:14) (0 17) (0-17) (0 26) 

28 27 18 20 

64 58 47 42 

A4 40 29 28 

33 35 38 39 

23 25 33 33 

25:4 253 25 4 250 

(0 08) (0 09) (0-08) (0 12) 

29 16 17 13 

21 9 9 9 

26 23 20 16 

15 12 10 7 
51 48 3.0 22 

170 120 76 53 
25 21 10 02 





BMI, body mass index; DR, recall of doctor diagnosis, ECG, on electrocardiogram; IHD, ischaemic heart disease; MI, 


myocardial infarction, Q, on WHO (Rose) quesuonnairre. 


but there was little difference between the other 
activity groups. There was a strong association 
between physical activity and presence of pre- 
existing ischaemic heart disease, the prevalence 
tending to decrease with increasing physical 
activity. Those who were inactive had the 
highest prevalence of angina. The proportion 
of men with definite myocardial infarction 
decreased steadily as physical activity 
increased. The proportion of men reporting 
any degree of breathlessness, in particular 
severe breathlessness, decreased considerably 
with increasing activity. This is likely to be 
associated with both the high prevalence of 
ischaemic heart disease as well as the lack of 
physical fitness. 


PHYSICAL ACTIVITY, AGE, AND HEART ATTACK 
The relation between physical activity and risk 
of heart attack was examined separately in 
those aged 40-49 and 50-59 after adjustment 
for smoking, social class, and body mass index 
(fig 4). In the older men being inactive was 
associated with a high rate of heart attack, 
suggesting the effect of pre-existing ischaemic 
heart disease. In younger men, those who were 
inactive had rates similar to occasionally or 
lightly active men. However, in both age 
groups moderate (9—12) to moderately vigorous 
(13-20) activities were associated with lower 
rates than inactive or occasionally active men. 
In younger men, those who were most active 
had a risk similar to the inactive, occasional, or 
lightly active men. In these men the risk of 
heart attack was significantly higher (p — 0-03) 
than in the moderately vigorous men. This was 
not seen for older men, and may reflect random 
variation or the type of sport undertaken. In 
these younger vigorously active men there was 
no undue increase in the proportion of sudden 
death. 


PHYSICAL ACTIVITY AND PRE-EXISTING 
ISCHAEMIC HEART DISEASE 
Because the presence and severity of ischaemic 


heart disease is likely to condition patterns of 
physical activity, we examined the relation 
separately in men with and without ischaemic 
heart disease, adjusting for age, social class, 
body mass index, and smoking (fig 5). In men 
without pre-existing ischaemic heart disease 
there was a strong inverse association between 
physical activity and heart attack up to levels of 
moderately vigorous activity (p « 0-001). 
Those who were occasionally or lightly active 
showed a small decrease in risk of heart attack 
compared with inactive men. Those engaged in 
moderate or moderately vigorous activity had 
more than a 50% reduction in risk of heart 
&ttack compared with inactive men. The 
vigorously active men had a significant increase 
in risk compared with those who were engaged 
in moderate or moderately vigorous activity 
(p — 0-03). Because breathlessness has also 
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Mure 4 Heart attack rate (per 1000/year) in men 
aged 40—49 and 50-59 years according to physical 
activity index. Adjusted for body mass tndex, social class, 
and smoking. Number of heart attack events indicated on 
figure. 
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Figure 5 Heart attack 
rates ( per 1000] year) 
according to physical 
activity index 1n men with 
and without evidence of 
tschaemic.heart disease. 
Adjusted for age, body 
mass index, social class 
and smoking. Number of 
heart att indicated on 


figure. 
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been shown to be a predictive factor for 
ischaemic heart disease? and is strongly 
associated with physical activity (table 2) we 
examined the relation after adjusting for 
breathlessness as well. This made little 
difference to the association seen. Even 
exclusion of all men with any grade of breath- 
lessness (n — 719) made no difference to the 
pattern seen in fig 5. Case fatality decreased as 
physical activity increased, with the lowest case 
fatality in the moderately vigorous men. It rose 
again in the vigorously active men. 

In men with pre-existing ischaemic heart 
disease, inactive men showed the highest risk 
of heart attack but thereafter there was no 
consistent pattern in the risk of heart attacks 
with increasing levels of physical activity. 


SYMPTOMATIC AND ASYMPTOMATIC ISCHAEMIC 
HEART DISEASE 

The apparent absence of clear benefit from 
physical activity in men with pre-existing 
ischaemic heart disease may partly be due to 
men having modified their exercise pattern as a 
consequence of developing ischaemic heart 
disease. A few may increase their activity in an 
attempt to lower their risk of major events, but 
most are likely to decrease their physical 
activity because of chest pain or breathlessness. 
Physical exertion may also have different effects 
on people with various manifestations of 
ischaemic heart disease. We examined these 
possibilities further by dividing the 1916 men 
with evidence of ischaemic heart disease into 
two groups—those with objective measure- 
ments of ischaemic heart disease only (that is, 
those who did not report any chest pain but had 
ischaemic electrocardiographic abnormalities 
(asymptomatic) and those who reported angina 
or possible myocardial infarction on the WHO 
(Rose) questionnaire or who recalled a doctor 
diagnosis of myocardial infarction or angina, 
irrespective of electrocardiographic findings 
(symptomatic). The two groups are mutually 
exclusive. Because the numbers were small the 
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moderately vigorous and vigorous activity 
groups (13-20 and 21 4-) were combined (fig 6). 


SYMPTOMATIC ISCHAEMIC HEART DISEASE 

In each physical activity category the rate of 
heart attack was higher in the men with symp- 
toms than in those without. Both light and 
moderate physical activity were associated with 
a lower heart attack rate than in inactive men 
but this difference was not statistically sig- 
nificant (p — 0-1). At higher levels of physical 
activity, risk increased but again this difference 
was not statistically significant (p — 0-1). Case 
fatality showed no particular pattern. The 
higher rates in the inactive and occasional 
activity group may partly reflect the severity of 
underlying ischaemic heart disease which 
determines the amount of physical activity 
possible. The prevalence of recall of a doctor 
diagnosis of ischaemic heart disease and of 
definite angina on WHO questionnaire were 
both higher in the inactive and occasionally 
active men combined than in the other three 
groups (p = 001)  Electrocardiographic 
evidence of definite myocardial infarction did 
not differ systematically between the activity 
groups but definite myocardial ischaemia was 
least common in the light and moderately active 
men (6-8 and 9-12). Breathlessness was con- 
siderably increased in the inactive men with 
44% reporting moderate or severe breathless- 
ness compared with only 12% in the more 
vigorously active group (> 13). 


ASYMPTOMATIC ISCHAEMIC HEART DISEASE 

There was an increase in the rate of heart attack 
with increasing physical activity up to the 
moderate activity level. Although the rate 
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0-2 3-6 8-8 9-12 


% Case fatality 
IHO (Eco 43 42 60 38 26 
IHD (Symp) 47 44 31 7 35 


Fwure 6 Heart attack rate (per 1000]year) according 
to physical activity mdex in men with symptomatic 
ischaemic heart disease, asymptomatic ischaemic heart 
disease, and m men without evidence of ischaemic heart 
disease. (+) = 13-20 and > 21 combined Adjusted for 
age, body mass index, social class, and smoking. Number 
of heart attacks indicated on figure 
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Table 3 Mean levels (SE) of risk factors according to physical activity index in men with no evidence of ischaemic 








heart disease 
"-"-———————€—»————————————— —— — a—d—Ó——— ái LEO ——ÁÀÁ MÀÓ— 
Physical actroity index 
0-2 3-5 6-8 9-12 13-20 214 
No of men 442 1706 1307 934 894 431 
Systohc blood ure (mm Hg): 

"Mean aos 1438 143 0 142 2 1421 1410 142 5 
SE (1 00) (0 69) (0 74) (0-81) (0 84) (108) 
Adjusted for HR 142-7 142-7 1432 0 142-1 1413 143-3 

Diastolic blood pressure (mm Hg) 
Mean 82 7 812 80 7 80-5 79-7 80 6 
SE (0 65) (0-43) (0-47) (0.51) (0-53) (0 68) 
Adjusted for HR 821 810 80 6 80 5 79-9 81-1 
Cholesterol (mmol/l): 
Mean 6 36 6 40 6:37 6:27 6 35 6-30 
SE (0 06) (0 04) (0 04) (0 04) (0 04) (0 06) 
HDL cholesterol (mmol/l): 
Mean 115 114 115 1:15 117 119 
SE (0 01) (0 01) (0 01) (0 01) (0-01) (0 01) 


All relations adjusted for age, body mass index, social class, and smoxing state. 


HDL, high density lipoprotein; HR, heart rate. 


seemed to fall in the more vigorously active 
men (>13) the numbers were small. Case 
fatality was lowest in the most active men. The 
prevalence of definite myocardial infarction and 
of definite myocardial ischaemia did not differ in 
any systematic way between the physical 
activity groups. Breathlessness (grades 2 and 3 
combined) declined from a prevalence of 
202% in the inactive to 38% in the 
moderately vigorous and vigorously active 
men. Because this did not relate to the electro- 
cardiographic evidence of myocardial damage 
it is likely to reflect their degree of physical 
fitness. 


SOCIAL CLASS AND HEART ATTACK 

The relation between physical activity and 
heart attack in men without evidence of 
ischaemic heart disease was similar in both 
social classes. Those who carried out moderate 
or moderately vigorous activity (13-20) showed 
alarge reduction in the risk of heart attack. Risk 
increased in those in the vigorous activity 
group in both social classes (data not 
presented). 


PHYSICAL ACTIVITY AND RISK FACTORS 

Several studies have suggested that exercise is 
positively associated with a more favourable 
risk factor state. Because those with pre-exist- 
ing ischaemic heart disease are likely to have a 
greater frequency of adverse risk factors and 
because the presence of ischaemic heart disease 
may lead to changes being made in risk factor 
state, we examined the relation between 
physical activity and blood pressure and blood 
lipids in men with no evidence of ischaemic 
heart disease after adjusting for age, body mass 
index, social class, and smoking (table 2). 
There was a tendency for blood pressure to 
decrease with increasing activity, the decrease 
being greater for diastolic than for systolic 
(p= 0-04 and p «001 respectively). 
However, in the most active group blood 
pressures increased slightly. Because physical 
activity is strongly and inversely associated 
with heart rate, which is also correlated with 
systolic and diastolic blood pressure (r — 0-2, 
p < 0-0001 and r=0-18, p< 00001 
respectively), adjustments were made for heart 


rate. The association between physical activity 
and systolic blood pressure was no longer 
significant. The association with diastolic blood 
pressure was reduced considerably but 
remained significant (p = 0:03). Physical 
activity showed no association with total 
cholesterol concentration but there was a 
tendency for high density lipoprotein choles- 
terol to rise with increasing physical activity 
(p < 0-01). However, high density lipoprotein 
cholesterol was raised significantly (by 3%) 
only in the men who were vigorously active. 
To assess whether the beneficial effect of 
physical activity on risk of heart attack is 
mediated in part by its influence on risk factors 
(tables 2 and 3) we examined the relation in 
men without ischaemic heart disease, adjusting 


. as previously for age, body mass index, social 


class, and smoking status (see fig 5) and then, in 
addition, for systolic blood pressure, blood 
lipids, FEV,, breathlessness, and heart rate. 
Heart rate has been shown in some studies to be 
associated with an increased risk of coronary 
heart disease independent of other risk fac- 
tors. The findings are presented in terms of 
relative risks (table 4). After the additional 
adjustment there was only a small reduction in 
risk in those who were occasionally or lightly 
active compared with inactive men. Men who 
were moderately active or who undertook 
moderately vigorous activity still showed a 
significant reduction in the risk of heart attacks. 
lhe vigorously active men had the most 
favourable risk factor state overall, and yet after 


Table4 Adjusted relative risk (and 95% confidence 
intervals) of heart attack according to physical activity 
index in 5714 men without pre-existing ischaentc heart 





disease 
Physical activity 

Adjusted* in addition 
0-2 10 10 
3-5 0-8 (05t012 0-9 (0 5 to 1 3) 
6-8 08(05to 1-2 0 9 (0°6 to 1-4) 
9-12 0 400 2 to 0-8 0-5 (0 2 to 0 8) 
13-20 04(02to 0-8) 0:5 (0-3 to 0 9) 


21+ 08 (0-4to 1 4) 09(05tol 8) 
a aca social class, and smoking 
t Adjusted in addinon for systolic blood pressure, total 


cholesterol, HDL cholesterol, FEV,, breathlessness, and heart 
rate, 


on 
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Table 5 Type and duration|frequency of phys physical actvotty, number of men and cases of heart attack, and heart attack 


rates (per 1000/year) m men with and without pre-existing ischaemic heart disease 
Rate] 1000] year* 
Physical activity No (%) of men = Noof cases No IHD IHD 
Regular walking: 
None 4676 (61) 301 5 5 (3510) 15 6 (1166) 
«20 mun/weckday 860 (11) 53 5 4 (647) 14 8 (213) 
21-40 996 (13) 62 55(762) 14 4 (234) 
41-60 828 (10) 45 3 6 (602) 14 4 (226) 
> I hour 305 (4) 24 6 0 (221) 20 6 (84) 
Regular cycling 
None 7205 (93) 450 5 4 (5378) 15 5(1827) 
«30 min 294 (4) 16 4 4 (224) 15 1 (70) 
>30 207 (3) 10 49 (171) 12-4 (36) 
Recreational activity” 
ve 333 (4) 35 8 0 (194) 17 3 (139) 
Fairly inactive 906 (12) 76 6 8 (658) 19 3 (248) 
Average 2478 (32) 151 53(1847) 15 1 (631) 
Fairly active 2086 (27) 125 5 1 (1593) 15 8 (493) 
Very active 1899 (25) 98 5 0 (1474) 12-8 (425) 
Sporting exercise 
None 4722 (61) 354 6 1 (3401) 15103321) 
Occasionall 894 (12) 47 4 1(672) 15-1 (222) 
1-3 tumes/moth 400 (5) 12 1 8 G33) 18 0 (67) 
4—1 770 (10) 30 & 1 (615) 14 8 (155) 
8-11 421 m. 16 3 5 (335) 13 1 (86) 
>12 517 (4 16 5 9 (428) 20 4 (89) 


* Adjusted for age, body mass index, social class, and amoking state. 


adjustment the risk of heart attack was only 
slightly lower than that seen in men who were 
inactive. 


TYPES OF ACTIVITY AND HEART ATTACK 

The physical activity index provides a relative 
measure of overall physical activity. It was of 
interest to see whether any specific type of 
activity was most associated with a beneficial 
effect. "Recreational" work was the most 
frequent type of leisure activity (table 5) among 
this population of middle aged British men. 
Highty four per cent of the men reported 
spending at least four hours gardening/ 
pleasure walking or do-it-yourself work over 
the weekend. Thirty six per cent of the men did 
regular walking on weekdays. Twenty five per 
cent of the men were engaged in regular 
physical sporting activities (at least once a 
month) and only 7% cycled regularly. 

The attack rate adjusted for age, social class, 
smoking, and body mass index by the different 
types of physical activity is shown in table 4 
separately in men with and without ischaemic 
heart disease. These activities are not mutually 
exclusive. Regular walking was not significantly 
associated with the risk of heart attack, though 
in men without ischaemic heart disease those 
who walked 41-60 minutes a day to and from 
work (more than a mile each time at fast pace) 
showed a decreased risk compared with other 
men (p = 0-06). In men with ischaemic heart 
disease regular walking seemed to have little 


Table 6 Relative risk* of heart attack in men with and without pre-existing ischaemic 
heart disease according to p 


activity at least once a 





sical actsuity index excluding all men engaged in sporting 

No IHD IHD 
No RR (95% CI) No RR (95% CI) 
442 10 244 10 
1685 0 8 (0 5:012) 633 0-8 (0 5 to 1:2) 
1210 08(051:1012) 434 o005 514 
539 31020515 187 0-8 03553) 

93 0:3 (0:2 to 1 3) 24 09(03t033 


* Adjusted for age, body mass index, social class, and smoking state. 


effect on heart attack rate. The increased rate in 
those with the longest duration of walking was 
not significantly different from the rest. In men 
without ischaemic heart disease cycling was 
associatied with a small (non-significant) reduc- 
tion in risk. The number of men with ischaemic 
heart disease who cycled was too small to draw 
any inference. Recreational activity was 
associated with a reduced rate of heart attack in 
both men with and without ischaemic heart 
disease. The risk decreased progressively from 
those who reported being very inactive to those 
who reported being at least average. This 
trend was significant for men without ischaemic 
heart disease (p = 0-04) but did not reach 
significance in those with evidence of ischaemic 
heart disease. Sporting exercise was signifi- 
cantly associated with a decreased risk in heart 
attack in men with no previous ischaemic heart 
disease. Overall, those who did any regular 
sporting exercise had lower rates than those 
who did no sporting exercise but the rate did 
not decrease progressively with increasing 
frequency of sporting activity. The lowest rates 
were seen in those who did sporting exercise 
less than three times a month. Somewhat 
surprisingly, those who played very frequent 
sports shared a similar rate to those who did no 
sporting activity. In men with ischaemic heart 
disease very frequent sporting exercise (> 12) 
was associated with a non-significant increase in 
risk of heart attack. 


RISK OF HEART ATTACK AFTER EXCLUSION OF 
SPORTING ACTIVITY 

Morris and his colleagues have indicated that it 
is only regular sporting exercise that is 
associated with reduced rates of heart attack,” * 
whereas others have shown that frequent light 
or moderate activity is sufficient to produce a 
beneficial effect.” We therefore examined the 
relation between the physical activity index and 
risk of ischaemic heart disease after excluding 
all men who reported doing sporting (vigorous) 
exercise at least once a month. The inverse 
relation was still seen in men without ischaemic 
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heart disease and was as strong as that seen 
when sporting activity was included (table 6). 
Among men with ischaemic heart disease those 
who were inactive had slightly higher rates than 
all other men. 


Discussion 

It is widely accepted that physical activity is 
associated with a beneficial effect on ischaemic 
heart disease, with most studies showing an 
increased risk in sedentary subjects compared 
with “active” subjects." Regular physical 
activity improves physical fitness, and several 
researchers have suggested that the effect of 
physical activity on ischaemic heart disease is 
determined by its influence on physical fitness. 
Several recent American studies using objec- 
tive measures of physical fitness have shown a 
strong inverse association with the risk of 
coronary heart disease.” Some studies have 
found that the relation between physical 
activity patterns and risk of coronary disease 
diminishes after adjustment for measures of 
physical fitness.??' The type and level of 
physical activity in subjects classified as 
*active" vary considerably in the different 
studies and there is still debate as to what type, 
duration, and intensity of physical activity are 
required to achieve levels of fitness likely to 
produce a beneficial effect. Studies in British 
male civil servants suggest that it has to be 
regular, aerobic, and vigorous exercise to 
achieveabeneficialeffect.^* In the United States 
Paffenbarger and colleagues suggested that 
frequent lighter activities are sufficient to 
produce a beneficial effect.? 


BRITISH REGIONAL HEART STUDY 

In the present study physical activity showed a 
strong inverse association with risk of heart 
attack. Physical activity was strongly associated 
with smoking, social class, obesity, and 
prevalence of pre-existing ischaemic heart 
disease. Men who were inactive were more 
likely to be smokers, to be manual workers, and 
to be obese and had a higher prevalence of pre- 
existing ischaemic heart disease than men who 
were more active. The inverse association 
between smoking and physical activity seen in 
this study is consistent with several other 
studies: Because the development of ischaemic 
heart disease is likely to result in changes to the 
pattern of physical activity, the relation was 
examined separately in men with and without 
evidence of ischaemic heart disease. In men 
with no ischaemic heart disease the risk of heart 
attack decreased to levels of moderately 
vigorous activity. Men who carried out 
moderate or moderately vigorous activity 
experienced a 50% reduction in risk compared 
with inactive men even after adjustment for 
age, social class, smoking, and body mmass 
index. These are men who tend to be engaged 
in regular sport at least once a week or who 
engaged in lighter physical activities regularly 
throughout the week—for example, walking 
and weekend activities. Moderate to 
moderately vigorous levels of activity were not 
only associated with the reduction of heart 
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attacks but these men were also more likely to 
survive a heart attack than less active men. 
However, in men who undertook vigorous 
levels of activity, the risk of heart attacks 
increased. These men tend to be engaged in 
vigorous sport at least three times a week. 
Though the number of men in this group was 
small, there is a suggestion that the extremes of 
vigorous exercise may have adverse effects on 
the heart, particularly in younger middle-aged 
men (see addendum). 


RISKS OF VIGOROUS EXERCISE 

The findings of an increased risk in very 
vigorous subjects has been reported in several 
other studies.*!" ? Paffenbarger et al observed 
an increase in mortality in the top level of 
energy expenditure—that is, over 3500 kcal/ 
week.’ The Puerto Rican Heart Study found an 
increased risk in the most active group." In a 
study of apparently healthy, middle aged men, 
Erikssen found an increased risk in the most fit 
men.” In the Multiple Risk Factor Inter- 
vention Trial study, although their highest 
activity category was very broad, they indicated 
that more vigorous activity did not confer any 
further protection than did moderately intense 
activities.’ Siscovick et al found that the risk of 
primary cardiac arrest is transiently increased 
during vigorous exercise—that is, risk during 
exercise among men at the highest level of 
habitual activity. There is also growing 
evidence that strenuous exercise may 
precipitate sudden death in middle aged men.” 
The increased risk seen in our study was only 
evident in the younger men and may reflect the 
type of sport undertaken (see addendum). 


RISK FACTORS AND PHYSICAL ACTIVITY 

Physical activity has been shown to be 
associated with a favourable influence on risk 
factors including the reduction of blood pres- 
sure and obesity and an increase in high density 
lipoprotein cholesterol.” In the present study 
physical activity was associated with a small 
increase in high density lipoprotein cholesterol 
that was apparent only at the highest levels of 
activity. T'his is consistent with several studies 
that indicate that only strenuous and aerobic 
exercise increases high density lipoprotein 
cholesterol. There was a small reduction in 
blood pressure with increasing physical 
activity, which was stronger for diastolic than 
for systolic and largely attributable to the 
reduction in heart rate associated with physical 
activity. No association was seen between 
physical activity and serum total cholesterol. 
The effects of physical activity on these risk 
factors are small and are unlikely to explain the 
relation seen. Physical activity was strongly 
associated with FEV,, which has been shown to 
be a strong predictor of ischaemic heart 
disease.^ However, even after adjusting 
in addition for high density lipoprotein choles- 
terol, systolic blood pressure, total cholesterol, 
and FEV, the inverse relation persisted. This is 
consistent with most other studies showing that 
the risk of ischaemic heart disease associated 
with inactivity is attenuated but does not 
disappear after adjusting for coronary risk fac- 
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tors.” " Men who were vigorously active had 
the most favourable risk factors but their risk 
was similar to inactive men after adjustment. 


PRE-EXISTING ISCHAEMIC HEART DISEASE 

Most prospective studies examining the rela- 
tion between physical activity and ischaemic 
heart disease have excluded men with evidence 
of cardiovascular disease. Little therefore is 
known about the long term effects of physical 
activity in the presence of ischaemic heart 
disease. Evidence on the effect of exercise comes 
from clinical trials, which overall have been 
inconclusive.” A recent study on physical 
training in 11 patients with chronic heart 
failure suggests that exercise training can 
increase exercise duration and improve symp- 
toms, but such studies provide no information 
on ultimate outcome.” The inverse pattern 
clearly seen in men without ischaemic heart 
disease was not as apparent in men with 
ischaemic heart disease, though inactive men 
had the highest risk (fig 5). In men with 
symptomatic evidence of ischaemic heart 
disease—that is, those who were aware of their 
cardiac problem (fig 6)—there was a U-shaped 
relation, with risk decreasing to levels of light 
and moderate activity and increasing at more 
vigorous levels of activity. The implications of 
this analysis are that light or moderate physical 
activity in men with symptomatic ischaemic 
heart disease may be of benefit and that 
moderately vigorous or vigorous activity may 
be detrimental. In men with asymptomatic 
ischaemic heart disease (fig 6) risk tended to 
increase with increasing activity though the 
fatality rate decreased. The implication is that 
although these men achieved increasing 
cardiopulmonary fitness from increasing 
physical activity, their risk of heart attack was 
increased by increasing physical activity. 


IS VIGOROUS SPORT ESSENTIAL? 

The most popular physical activity was 
recreational activity—for example, gardening, 
do-it-yourself, and pleasure walking. Twenty 
five percent of the men were engaged in regular 
(at least once a month) vigorous sporting 
activity. Results from other British studies 
have suggested that such aerobic exercise is 
essential to produce a beneficial effect.‘ 
However, when all men who undertook 
vigorous sport were excluded from the analyses, 
there was still a strong inverse association, with 
risk significantly lowered in those who carried 
out frequent physical activities. Our results 
accord with those of Paffenbarger et al who 
suggested that regular frequent activity is 
associated with a reduced rate of heart attack. 
Several other American studies have shown 
moderate levels of activity to be sufficient to 
produce a beneficial effect?" and have shown 
that benefit is derived from non-vigorous 
leisure activities such as pleasure walking and 
gardening. In the British Regional Heart Study 
recreational activity showed the most consis- 
tent relation, with heart attack rates decreasing 
with frequency of these activities and this was 
apparent both for men with and without 
ischaemic heart disease. Vigorous sport was 
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beneficial in men without ischaemic heart 
disease but there was no dose-response relation 
with increasing frequency and the risk in those 
engaged in vigorous sport three or more times a 
week was similar to those who reported no 
vigorous activity. 


IMPLICATIONS AND RECOMMENDATIONS 

Men free of ischaemic heart disease 

In this population of middle-aged men, 
moderate or moderately vigorous physical 
activity was associated with a significantly 
decreased risk of heart attack. Moderate 
physical activity involves frequent recreational 
activities plus regular walking or vigorous 
activity once a week. Moderately vigorous 
activity involves frequent recreational 
activities, plus cycling or sporting activity at 
least once a week. However, even if no regular 
sporting activity is carried out, increasing 
levels of other forms of physical activity are 
strongly associated with decreasing risk of 
heart attack. There seems to be an increased 
risk of heart attack in younger middle-aged 
men (40—49) who carry out frequent sporting 
activity—for example, more than threc times a 
week. While not wishing to sound unduly 
cautious in an era of jogging, squash, and 
marathon running, it might be reasonable for 
men in middle-age considering a programme of 
vigorous activity to undergo a review of their 
cardiovascular state. In view of the high 
prevalence rate of ischaemic heart disease in 
middle aged British men? this is neither 
alarmist nor unreasonable (see addendum). 


Men with ischaemic heart disease 
In men with symptomatic ischaemic heart 


disease physical activity at light or moderate 


levels is associated with a slightly diminished 
risk of heart attack. At higher levels of physical 
activity, however, the rate of heart attack 
increases and is similar to those seen in inactive 
men. The message to such men is that light or 
moderate physical activity is likely to be of 
benefit. However, undertaking vigorous 
activity may produce ill effects and they would 
do well to discuss any proposed activity at a 
higher level with their physician. In men with 
asymptomatic ischaemic heart disease detected 
only by routine electrocardiogram—for 
example, in health checks, screening pro- 
grammes, or insurance examinations, although 
the overall rate of heart attack is lower than in 
men with symptomatic ischaemic heart disease, 
the risk of heart attack appears to increase with 
increasing physical activity. The message must 
be one of reasonable caution. 

Our findings accord with the recent report on 
medical aspects of exercise from the Royal 
College of Physician of London which 
emphasises that “the potential benefits must be 
weighed against the possible provocation of 
serious cardiac arrhythmias by those who 
already have coronary artery disease whether or 
not it has been recognised.”™ Our findings also 
suggest that the protective effect is not limited 
to those taking vigorous aerobic exercise twice 
weekly and we would encourage a more 
positive attitude to participation in regular 
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moderate activity in all age groups. 


The British Regional Heart Study is a British Heart Foundation 
Research Group and also receives support from the Department 
of Health and The Chest, Heart and Stroke Associanon. We are 
grateful to Dr Peter Macfarlane (Department of Medical 
Cardiology, The Royal Infirmary, Glasgow) for the electro- 
cardiographic studies which were supported by the Scotush 
Home and Health Department. 
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Addendum 

Further analyses strongly suggest that the 
increased risk of heart attack in men without 
ischaemic heart disease involved in vigorous 
levels of physical activity may reflect the 
presence of hypertension in addition to the type 
and degree of sporting exertion. This pos- 
sibility is now being fully examined. 
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Abstract 

The Sixth Biennial Survey of Staffing in 
Cardiology was conducted in July 1990. 
This report summarises the data that 
were collected, together with the results 
of a survey of facilities in cardiology 
made in 1989. The total number of car- 
diologists in the United Kingdom, defined 
as individuals trained in the specialty 
and spending at least 40% of their time 
working in it, is now 323. Six individuals 
work part time only, making 320 whole 
time posts. This number has increased 
over the two years from 1988 to 1990 by 
32, of which 23 work only in the specialty 
and niné as general physicians with a 
major interest in cardiology. The rate of 
increase in numbers over the past 
decade has been reasonably consistent 
with an average of approximately 4:495 
per year. Thirty one districts in England 
and Wales still have no cardiologist and 
13 other districts have little provision 
with an average of three (visiting) ses- 
sions each per week. The population in 
these 44 districts is 8:3 million. Scotland 
also has an inadequate distribution of 
service in the specialty. If recommenda- 
tions for cardiac surgery and angioplasty 
made in, the Fourth Report of a Joint 
Cardiology Committee of the Royal 
College of Physicians of London and the 
Royal College of Surgeons of England 
are to be met, we calculate that we need 
63 more cardiologists in our major 
centres. To provide one cardiologist in 
every district hospital and two for larger 
districts would require 94 more special- 
ists, making a total shortfall of 157 
individuals. 

We have no excess of senior registrars 
to provide for a major expansion at con- 
sultant level. Time spent within the sen- 
lor registrar (or academic equivalent) 
grade has tended steadily to decline and 
very few now reach the end of their con- 
tracts. The need for more individuals to 
pass through the senior registrar grade 
wil be met in part by a planned reduc- 
tion in the training period to three years. 
This wil be inadequate, however, be- 


cause projected retirements show that 
the number of consultant vacancies will 
increase sharply from 1997. We believe 
that additional senior registrar posts 
must be created if a serious shortfall in 
service provision by consultants is to be 
avoided. The provision of non-invasive 
facilities in cardiology is reasonable. The 
need for additional equipment for in- 
vasive cardiology has not been assessed. 
The number of physiological measure- 
ment technicians varies considerably 
between regions and is generally in- 
adequate. 


Biennial surveys of staffing in cardiology were 
first monitored in 1978 and four have been 
published since 1981."* We now report the 
results of the sixth survey of staffing that was 
conducted in 1990 and the third survey of 
facilities that were monitored in 1989. 

The surveys are conducted under the aegis 
of the British Cardiac Society and the Car- 
diology Committee of the Royal College of 
Physicians. It has a dual purpose: the iden- 
tification of deficiencies in the provision of 
cardiological services and the matching of the 
number of trainee cardiologists with expected 
consultant vacancies. 

The original stimulus for the survey was the 
excessive number of time expired senior regis- 
trars in the specialty in the late 1970s. The 
information and the predictions for cardiology 
that have been collected for more than a 
decade-led to an acceptance within the 
specialty of a reduction in the number of 
senior registrar posts. À reasonable balance 
was achieved several years ago between the 
number of senior registrars completing their 
training and the number of vacancies at con- 
sultant grade. The objectives of the Joint 
Planning Advisory Committee (JPAC) were 
therefore anticipated and met even before the 
committee was set up. So far, no corrective 
adjustments have been requested in adult car- 
diology by the JPAC, but the number of 
senior registrar posts in paediatric cardiology 
has been increased slightly. The balance may 
now have tipped in the other direction from 
that of the 1970s, in that we may have too few 
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senior registrar posts. In the recent past only a 
minority of senior registrars finished -their 
training before entering the consultant grade, 
and indeed many appointments could be 
regarded as somewhat premature. This ten- 
dency, however, will probably correct itself 
over the next two or three years because we 
have relatively few retirements due in the 
immediate future. Thereafter the position 
becomes more complex. Important changes 
are expected from 1997 when the number of 
consultant vancancies will increase sharply, 
but the planned three year senior appoint- 
ments? will increase the throughput. We need 
closer monitoring over these years when num- 
bers will fluctuate. For the foreseeable future, 
and over the period of these important 
changes, we intend to undertake surveys of 
staffing each year instead of biennially, starting 
from 1991. 


Methods of survey 

The index date for consultant staffing was July 
1990 and that for senior registrars was three 
months earlier. Most of the data on facilities 
were collected in 1989 but a few that were 
missing were obtained retrospectively in 1990. 

We approached a contact in every health 
district in England and Wales and requested 
cooperation in the completion of the forms 
used to collect data for the survey. The con- 
tacts are cardiologists or general physicians 
who have an interest in the specialty. Selec- 
tion is made with the advice of colleagues in 
the regional cardiac centres to ensure that the 
contacts are still in post and in a position to 
offer the help that we require. When the data 
have been collected they are analysed on a 
regional basis and sent to at least one car- 
diologist within that region to check for any 
obvious errors. We also compare the informa- 
tion with that obtained in previous surveys 
and check any. apparent inconsistencies. The 
process of data collection and verification is 
therefore stringent and offers considerable 
protection against errors important enough to 
influence predictions. The data on personal 
projected retirement dates are regarded as 
confidential and only group data are seen out- 
side the survey offices. 

The data from Scotland and Northern 
Ireland are collected within these countries 
and subsequently sent to the coordinating 
centre in Sussex. In Scotland the situation is 
complex, because many posts are designated 


as serving general medicine although the 

incumbents are trained in and practice car- 
diology. This difficulty necessitated a correc- 
tion to the 1988 survey for Scotland. The 
comparative data presented for Scotland in 
this paper have been collected after detailed 
enquiries and are believed to be accurate. 

The questionnaire on staffing by consultant 
grades has two sections. One is for those who 
practise in the specialty virtually all of their 
professional time. The other, which tends to 
relate to district hospitals, is for physicians 
with a major interest in the specialty; to 
qualify for inclusion they should have had an 
appropriate training in cardiology and should 
retain a major interest with at least 40% of 
their professional time spent in the specialty. 
Accreditation is not yet used as a criterion 
because most practitioners were appointed 
before this was available. 

The questions in the facilities survey relat- 
ing to invasive and non-invasive facilities were 
reasonably straightforward. The term “‘major 
haemodynamic facilities" refers to left heart 
studies (pressure measurements and angiogra- 
phy) whereas “minor haemodynamic studies" 
refers to right heart measurements such as 
bedside pressure monitoring with Swan-Ganz 
catheters. A cardiac care unit is defined as an 
area of monitored beds with a central console 
and fluoroscopy immediately available within 
the same area. Stress testing could be either 
with a treadmill or a bicycle ergometer. 

The format of the tables is similar to that 
used in previous publications. Most tables 
show comparable data from the 1988 survey,' 
presented within brackets. 


Comments 

STAFFING: CONSULTANT GRADE 

'Table 1 shows the overall numbers of consul- 
tant cardiologists in England and Wales from 
1980 to 1990. Figure 1 shows the increase over 
the decade. As in the relevant tables, the bar 
charts indicate separately those engaged only in 
cardiology and those who are general phys- 
icians with both special training and a major 
interest in cardiology. A division is made also 
into adult and paediatric posts, giving four 
subdivisions in all. (The number of physicians 
designated as having only a major interest in 
paediatric cardiology is small or absent, so that 
only three components are seen in most of the 
bars in fig 1). The overall increase in-numbers 
over the decade has been 98 posts (44%) with 


Table 1  Cardwvascular physicians in England and Wales, 1980-1990 


cU Carasology on 
Year Adult Paediatric 
1980 103 19 
1982 111 (8*4) 18 (— 5%) 
1984 111 (8%) 29 (53%) 
1986 119 (16%) 31 (63%) 
1988 130 rite 33 (74%) 
1990 145 (42%) 39 (105%) 


The 1990 figures show the number of whole ume equivalents (W'TEs) There are six half 
The accompanying graph also shows WT Es for 1990. Percentage increases since 1980 are 


Major interest 
Adult Paediatric Totals 

98 3 223 
117 (19%) 4(33%) 250 (12%) 
121 (23%) 6 (100%) 267 (20%) 
118 (20%) 2 to: 33% 270 (21%) 
128 (31%) 0(0%) 291 vtta 
134 (37%) 2(— 33%) 320 (43% 


30 the total of individuals 1s 323. 
own 1n brackets. 
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changes for cardiology only (adult), cardiology 
(paediatric), and major interest (adult), being 
respectively 44 posts (42-797), 20 posts (95%), 
and 35 posts (35%). The average yearly 
increases are, of course, approximately one 
tenth of these figures. 

Table 2 shows data for England and Wales 
listed by region with latest population figures, 
number of health districts, number of major 
cardiac centres undertaking surgery, and the 
numbers of cardiologists (both totals and the 
subdivisions as in table 1). The health districts 
in Wales are organised somewhat differently 
from those in England with a usual pattern of 
two district general hospitals in each (one 
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health district has none). The number has not 
changed but we have presented the Welsh data 
differently in the current survey, with data 
based on districts as for England rather than on 
district general hospitals as we did previously. 
There are two fewer health districts in England 
as a result of reorganisation. The number of 
cardiologists has increased by 32 over the two 
year period 1988 to 1990. Twenty three of these 
new posts are in full time adult cardiology. The 
smaller apparent increase of 29 shown in the 
table represents greater precision in the report- 
ing of data: previously six part-time posts were 
each scored as a whole unit whereas they are 
now scored as half a unit. 

Tables 3 and 4 show comparable data for 
Scotland and Northern Ireland. Some incon- 
sistency in the reporting of posts with an 
interest in cardiology (reflecting different tradi- 
tions for designation compared with that in 
England) have led to a further retrospective 
change in the 1988 data after our published 
correction. The increase of three in the 
number of posts reported now is, however, real 
and not an artefact of reclassification. Scotland 
has one cardiologist per 121 000 population 
compared with one per 63 000 population in 
Northern Ireland and one per 157000 in 
England and Wales. 

Tables 5-7 show expected retirements of 
cardiologists in the United Kingdom from 
1990 to 2005, and the same information for 
England and Wales appears as a bar chart in fig 
2. The purpose of the figure is to illustrate the 
tendency to a stepped increase in expected 
vacancies from 1997 onwards. This has impor- 
tant planning implications for the number of 
training posts, but the JPAC formula (intended 
to achieve a balance between training posts and 
consultant vacancies) makes no allowances for 
such predictions. Planning depends on a for- 
mula based on historical vacancies with an 
additional allowance for growth that ts also 
based on historical data. We recognise that the 
Department of Health does not have access to 
reliable forward predictions, but we hope that 


Table 2 Cardiovascular Physicians (WT Es) by region in England and Wales at 1 July 1990 (Office of Population Censuses and Surveys, figures 1n 
thousands) ( 1988 data 1n parentheses) 


Cardiology only Mayor interest 
P 
Ragion mid—1988 No of HDs No of MCs Adult Paediatric Adult Paediatric Totals 
East Anglia 2 034 4 8 (8) l 40 (3) 5 5 (6) 95 (9) 
Merscy 2 403 9 10 (10) I ds 30(3) 6 0 (5) 13 0 (12) 
North East Thames 3 776 4 16 (16) 3 155 (12) 9 0 (10) 24 5 e 
North West Thames* 3 470 4 13 (15) 3 11 0(16) 0 (2) 70(7) 19 0 (25 
North Western 3 989 6 19 (19) 3 90 tes 0 (2) 12 0 (12) 24 0 (23) 
Northern 30710 16 (16) 1 85 {6 0 (2) 90(11) 20 5 (19) 
Oxford 25231 8 (8) 1 40 "u 0 (2) 70) 13 0 (13) 
South East Thames 3 6516 15 E 4 15 0(15) 0 (4) 9 0 (8) 28 0 (27) 
South West Thames 2 9614 13 (13 1 9 0 (7) 6 0 (8) 10 16 0(15) 
South Western 3 236 0 11 (11) l 6 0 (5) od 50(6) 14 0 (13) 
Trent 4 662 4 12 (12) 3 80 A 0 (1 12:5 (11) 10 22 5 (18) 
Wessex 2 928 4 10 (10) 1 30(2 0 (2) 11 0(8) 17 0 (12) 
West Midlands 5 205-3 22 (22 3 14 0 (13) 0 (3) 15 0 (11) 32 0 (27) 
Yorkshire 3 6201 17 (1 3 12 0 (10) 0 (3) 11 0 (9) 26 0 (22) 
Walest 28570 9 (9) l 40 a 9 0 (9) 13 0 (13) 
Special hospitals 4 (4) 4 18 0 (14) 0 (7) 28 0 (21) 
otals 50 393 3 203 (205) 34 145 0 (130) 0 (33) 134 0 (128) 2 0 (0) 320 0 (291) 
*Owing to reorganisation (Hammersmith and Brent) North West Thames has two HDs less than in 1988. 
TWales has 18 (18) district hospitals. 


HD, health district; MC, major centre 


Notes: 


(a) South West Thames and Wales show minor updates to published 1988 data 


(b) Regions with half posts: Northern (1, will not be replaced), Trent (1), East Anglia (1), North Hast Thames (1), South East Thames (2) 


(c) The 1988 data show the number of physicians not the number of WTEs 


(d) Blanks 1n the tables represent either zero values or data not appropriate. This is for case of reading and does not imply missmg values 
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Table 3 Cardtovascular physicians by health board in Scotland at 1 July 1990 (Office of Populaton Censuses and 
) 





Surveys, figures in thousands 
Cardiology only 
Population 
Health district »id-1989 Adult 
Argyll and Clyde 4412 
Ayrshire and Arran 374 5 
Borders 1027 
Dumfries and Galloway 147 6 
Fife 344 8 
Forth Valley 2714 
Grampian 503 5 3 (3) 
Greater Glasgow 9332 9 (9) 
Hi 2019 
Lanarkshire 562 3 
Lothian 742 9 7 (6) 
Orkney 19 4 
Shetlands 222 
Tayside 3925 2 (2) 
Western Isles 30 6 
Totals 5 090 7 21 (20) 


Major interest 
Paediatric Adult Paediatric Totals 
2 e" 20D 
20 2 (2) 
1 (1) 1 (1) 
3 (3) 
309) 6 (5) 18 (17) 
1(1) 1 (1) 
3(3) 3(3 
2 (2) 1 (1) 10 (9) 
2 (2) 
5 (5) 16 (14) 42 (39) 


Notes (a) Dumfries and Glasgow show minor updates to previously published data 
(b) One new whole time adult post in Edinburgh not established 


1988 data are shown in parentheses. 


Table 4 Cardiovascular physicians by health board in Northern Ireland at 1 July 1990 (Office of Populaton Censuses 


and Surveys, figures tn thousands) 
Cardiology only 
Population 
Health district werd-1 989 Adult 
Eastern HSSB 645-9 11 (10) 
Northern HSSB 385.7 
Southern HSSB 291:2 
Western HSSB 260 2 
Totals 1 583 0 11 (10) 


1988 data are shown in parentheses. 
HSSB, Health and Social Services Board. 


an appropriate response will be made for the 
data that we have collected. The numbers in 
brackets in tables 5—7 show the predictions for 
retirements that were made in 1988 for the 
same years. The pattern is very similar, but 
inevitably there are minor differences year to 
year reflecting inconsistencies in the dates of 
intended early retirement. These small dif- 
ferences do not change our overall predictions, 
and the similarity of the pattern is reassuring. 
The data in tables 8-10 continue to disap- 
point. Although the number of cardiologists 
has increased overall, we still have many dis- 
tricts with no representative of the specialty 
and others in which provision is clearly 


Mayor mterest 
Paediatric Aduit Paediatric Totals 
2:2) 2 (3) 15 (15) 
4 (3) 4 
3 (3) 3 » 
3 (3) 3(3 
200 12 (12) 25 (24) 


inadequate. If the present tables are compared 
with those in our previous report, apparent 
inconsistencies will be noticed: this is a con- 
sequence of more refined data and does not 
represent inaccuracies. We have now included 
in tables 8-10 not only lack of provision but also 
inadequate provision (defined as less than seven 
sessions per week, usually provided by visiting 
specialists). Thus in England and Wales we 
now have 31 districts with no cardiologist (total 
2opulation 5:46 million) compared with 45 in 
1988 and 54 in 1986. But an additional 13 
districts (total population 2-84 million) have 
inadequate provision with an average of only 
three sessions each. In Scotland six health 


Table 5 Cardiovascular physicians expected to retire each year m England and Wales (as of 1 July 1990) 








Cardiology only Major interest " 
Year Adult Paediatric Total Adult Paediairic Total Grand total 
Not stated* 3 3 1 1 4 
1990 ] l 1 1 2 m 
1991 3 3 1 1 4( 
1992 ] 1 1 ] 2 (4) 
1993 3 l 4 I 1 5 H 
1994 3 3 l I 4 » 
1995 4 4 1 1 2 6 
1996 3 3 2 2 5 (6) 
1997 5 5 8 8 13 T 
1998 3 3 2 2 5 (6) 
1999 1 2 3 8 8 11 (13) 
2000 5 2 7 7 7 14 
2001 4 I 5 2 2 7 
2002 3 3 9 9 12 
2003 2 2 4 2 2 6 
2004 6 2 8 4 4 12 
2005 6 2 8 3 3 11 
2006 or later 91 27 118 81 1 |: 82 200 
Totals 147 39 186 135 2 137 323 
*Mainly locum 


posts 
The grand total expected to retire each year, as given in 1988, is shown in parentheses. 
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Figure 2. Projected 
retirements of cardiologists 
from 1990 to 2005. There 
is a tendency for a 
substantial increase from 
1997 onwards 
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Table6 Cardiovascular physicians expected to retire each year m Scotland (as of 1 July 1990) 
——————M—————ÀMÀ M M € teers 


Cardiology only 

Year Adult Paediatric Total 
1990 1 
199] 1 1 
1993 

1995 l 1 
1997 l 1 
2000 l I 
2003 1 1 
2004 

2005 1 1 2 
2006 or later 15 3 18 
Totals 21 5 26 


1988 data are shown ın parentheses. 


Major interest 


Adult Paediatric Grand total 
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Table 7 Cardiovascular physicians expected to retire each year n Northern Ireland (as of 1 July 1990) 


Cardiology only 
Year Adult Paediatric Total 
1992 1 1 
1997 1 1 
1998 1 1 
2001 
2004 2 1 3 
2005 2 2 
2006 or later 4 1 5 
Totals 11 2 13 
1998 data are shown in parentheses. 


boards have no cardiologists. The situation in 
Northern Ireland is probably satisfactory 
because of the close cover provided for the 
small two district hospitals without their own 
specialists. 

Our data for consultant numbers do not 
agree with those published by the Department 
of Health, based on Korner statistics.’ The 
department has a subdivision between “‘main 
specialty" and “‘second specialty", presumably 
reflecting our own division between “whole 


14 


///] Main interest paediatric 
Main interest adult 

12 [.] Whole time paediatric 
BK Whole time adult 


- 
e e 


e 


No of cardiologists 





Mayor interest 
Adult Paediatric Total Grand total 
1 (1) 
1(1) 
1 (1) 
1 1 1 
I 1 4 
2 
10 10 15 
12 12 25 


time” and “major interest" physicians. Ther: 
is no separate designation for paediatric car- 
diology. The department's figures (1989) fo: 
“main specialty" totalling 148 individuals con- 
trast with ours (1990) of 184 for adult plu: 
paediatric cardiology. For “‘second specialty’ 
the discrepancy is greater: 79 against 136. Thu: 
the total shortfall against our carefully collectec 
figures is 93, with only 10 months difference 
between the index dates for data collection. 
The discrepancy may be due in part to differen- 


$$ 
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Table 8 Health districts without cardiologists by region in England and Wales at 1 July 1990 








Population No of No of Hds HD population 

Regin »ud-1988 Hds without Losses Gatns tosthout 

t Angli 2 034 4 8 (8) 2 (3) 1 419-5 
Me E 2 403:9 10 (10) 5 E 1 9741 
North East Thames 37764 16 (16 2 (3 1 517 6 
North West Thames* 3 844 1 13 (1 3 (4) l 7167 
North Western 3 989 6 19(19 5(5) 865 6 
Northern 30710 16(16 6 £6) 994-4 
Oxford 25237 8 (8) 
South East Thames 36516 15 (15) r1) 1 
South West Thames 2 9614 13 (13 3/3) 1 1 727-2 
South Western 32360 11 iD 3:3) 569 8 
Trent 4 662-4 12 3 274) 2 5250 
Wessex 2 928 4 10 (10 2 73) 1 250 8 
West Midlands 5 2053 ium 6 58) 2 1 037 1 
Yorkshire 3 620 1 17 (1 313) 479.8 
Wales 28570 9 i 2 (1) 1 221 7 
Special hospitals 4 (4 
"Totals "M 50 393 3 203 25 44 (53) 2 11 8 305-3 


*Owrng to reorganisation North West Thames has two HDs less then in 1988 (Hammeramith and Brent). 
TAlthough there 1s an apparent loss in Wales, the number of DGHs without (eight of 18) has not changed. 


This table shows the number of HDs that have fewer than seven cardiolo 
re-calculated to the same definition and are shown in 


The 1988 data have been 


gy X©8S10N8 ptr 


The number of HDs completely without m 1990 was 31 (45 in 1988) and 13 more HDs had on average only three sessions cach. 
Ten HDs counted as having a cardiologist had fewer than 10 sessions each. 


Table 9 Scottish health boards without cardiolo at 
1 July 1990 ( Office of Population Censuses and Surveys, 
figures md-1989 tn thousands) 








Health Board Population without 
Borders 102 700 
Fife 344 800 
Forth Valley 271 400 
rkney 19 400 
Shetlands 22 170 
Western Isles 30 630 
To 791 100 





No change from (updated) 1988 figure of six health boards 
without. 


ces in designation among those practising car- 
diology between ''second specialty" consul- 
tants and general physicians. This cannot 
account, however, for the major difference be- 
tween the two surveys in the numbers for 
specialist cardiologists or paediatric cardio- 
logists without a general medical commitment. 
The Department of Health is aware of our own 
statistics and for the purposes of the JPAC has 
accepted them in the past. Consultant numbers 
determine the number of training posts, so we 
hope they will continue to do so. A reconcilia- 
tion of the department's data with our own, 
district by district, would be ideal but is 
apparently impracticable. 


STAFFING: SENIOR REGISTARS 

Tables 11 and 12 show the numbers within 
regions of cardiologists, senior registrars, and 
major cardiac centres. As far as we are aware all 
the major centres within teaching hospitals 
have senior registrars. T'he Brook Hospital in 
South East Thames was officially designated as 


Table 10 Northern Ireland health boards anthout cardiologists at 1 July 1990 (Office 
of Population Censuses and Surveys, figures md-~-1989 in thousands) 


Health Board 


Eastern HSSB 
Northern HSSB 
Southern HSSB 
Western HSSB 


Total 


No of UoMs 


No of UoMs Health board UoM Pop 
without population without 
2 (2) 645 9 1152 
(1) 385-7 
291 2 
260 2 
2 (3) 15830 115-2 (305 0) 


UoM, Unit of management; HSSB, Health and Social Services Board. 


a regional cardiac centre though it is not 
administered by a teaching authority and has 
no senior registrar. There has been no change 
overall in the number of senior registrars 
compared with 1988, though there have been a 
few changes in distribution. Table 13 shows 
that only 13 senior registrar contracts are 
expected to expire in 1991 and 1992, but 35 had 
been in post less than two years at the time of 
the 1990 survey (with three posts vacant). Four 
senior registrars were time expired and 
employed on extended contracts. In general, 
far more senior registrars are being appointed 
before they complete their training period than 
continue beyond the first expiry date. The 
number of expected consultant vacancies for 
the ensuing four years is also appreciably less 
than the number of senior registrars due to 
finish training. This is a familiar pattern that 
has been mentioned in previous surveys, due 
principally to the growth in consultant num- 
bers of four to five per cent per annum. The 
apparent mismatch has not prevented the 
average time in post as senior registrar tending 
to become progressively shorter. T'he figures in 
tables 14 and 15 for Scotland and Northern 
Ireland are too small to exert any major 
influence on the position overall for the United 
Kingdom. 


STAFFING: PHYSIOLOGICAL MEASUREMENT 
TECHNICIANS 

Technical assistance is crucial to the effective 
operation of cardiac centres and departments of 
cardiology in district hospitals—yet we have no 
official norm for staffing levels. Table 16 shows 
the wide disparity in the number of qualified 
and trainee technicians (recorded as whole time 
equivalents) in each region, both as totals and 
as numbers per hundred thousand patients. 
Such data must be interpreted with care, 
particularly where relative overprovision 
might be inferred. For example, Mersey has 
the largest number of technicians pro rata but 
very few cardiographers. We can deduce that 
the technicians take the electrocardiograms, a 
practice which increases flexibility and which, 
in some situations, may be cost effective. 
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Table 11 uu OR MTM region of England and Wales at 1 July 1990 (1988 data 


in parent. 
——MM M — —— Ma —— a ————— ——M— M 
Cardiology Major Total Semor 
Region No of HD: oniy interest , cardiologists registrars No of MCs 
a a ee ME 
East Anglia 8 4 6 10 1 1 
Mersey 10 7 6 13 3 à 1 
North Eest Thames 16 16 9 25 4(4 3 
North West Thames* 13 12 T 19 3 (4 3 
North Western 19 12 12 2A 2 (e 3 
Northern 16 12 9 21 3 (3) 1 
Oxford 8 6 7 13 2 1 
South East Thames 15 ` 20 9 29 3(4 4 
South West Thames 13 9 7 16 1(1 1 
South Western 11 9 5 14 2 (2) 1 
Trent 12 9 14 23 3 (4 3 
Wessex 10 6 11 17 II 1 
West Madlands 22 17 15 32 3(4 3 
17 15 11 26 4 3 
Wal 9 4 9 13 3 (3 1 
Special hospitals 4 28 28 8 (9) 4 
Totals 203 (205) 186 (163) 137 (128) 323 (291) 461 (56) 34 


*Owing to reorganisation North West Thames has two districts less than in 1988. t Wales has 18 district hospitals 
{There were four vacant senior registrar posts 1n adult cardiology. 
Numbers refer to cardiologists not whole time equivalents MC, major centre. 


Table 12 Cardiovascular physicians and senior registrars in Scotland and Northern Ireland at 1 July 1990 


Cardiology Mayor Total Semor 
Region No of HBs only interest cardiologists registrars No of MCs 
Scotland 15 26 16 42 7 2 
Northern Ireland ` 4 13 12 25 2 1 


YN 


Note: Northern Ireland had three vacant senior registrar posts in adult cardiology. 


Mc, major centre; HB, health board. 


Moreover, most technicians have duties in 
other disciplines—for example in respiratory 
function or in a vascular laboratory. While our 
respondents have been asked to allow for this 


. confounding variable, it is difficult to do so with 


any degree of accuracy. We know, however, 
that the bleak situation shown for Oxford and 
Wessex, does reflect a very unsatisfactory situ- 
ation which must detract from tbe efficiency of 
the two centres within these regions. 

In 1987 the British Cardiac Society report on 
Cardiology in the District Hospital? recom- 
mended that four technicians dedicated to 
cardiology were needed for each 250 000 
population (in addition to cardiographers). 
Cardiac centres undertaking catheterisation, 
angiography, angioplasty, electrophysiology, 
and other technically demanding procedures 
need an appreciably higher ratio. Relatively 
little change has occurred from 1984 to 1989. 
The increase of 84 in technician numbers must 
be considered alongside the decrease in car- 
diographers of 31. The net increase of 53 (4%) 
can make little impression on the delays and 
constraints in the performance and reporting of 
the investigations that are crucial for the 
optimal management of most patients with 
heart disease. 


of patients dying from potentially treatable 
causes. We have no previous data on rehabilita- 
tion facilities, but we were told of 113 program- 
mes within the 214 districts of England and 
Wales. We have no details of these but a report 
on rehabilitation within the United Kingdom 
has been prepared and is in the press.’ Many 
may offer very limited facilities: we can be 
certain that nearly half the districts offer none. 


FACILITIES i 

The 1989 survey (conducted one year earlier 
than.the staffing survey reported above) did not 
include Scotland and Northern Ireland. Table 
17 for England and Wales shows few surprises. 
Some of the minor changes in the number of 
cardiac care units may be due to differences in 
the interpretation of our definition. We are 
aware that a few hospitals with an appreciable 
acute workload are still without any cardiac 
care units but, in general, distribution through- 
out the country is reasonable. We made no 
enquiry about numbers of beds in relation to 
population. Cardiac surgery is performed in 


Table 13 Contract expiry dates for senior registrars 
compared with retirement dates for consultants in 


England and Wales at 1 July 1990 

STAFFING: MISCELLANEOUS 
Sixty districts reported that a resuscitation SR contracts —— Consultants 

d . Y Balan 
training officer was employed, but usually this — "^ expiring renong cs 
is part time only and often combined with other 1991 4 4 
duties. We know from other sources of 23 full 132 : : FL 
time resuscitation training officers. The Royal 1994 il 4 7 
College of Physicians recommended in 1987 1552, 2 se -3 


that every district should employ a resuscita- 
tion training officer. Most have not heeded this 
advice though no other technical post could 
make as much impact in reducing the number 


Notes: (a) Frve SR contract expiry dates are not known. 
(b) One post was discontinued after survey date, the 
senior registrar 13 now consultant, contract date not 
relevant. 


- 
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Table 14 Contract expiry dates for senior registrars 
( SR) compared with renrement dates for consultants m 





Scotland at 1 July 1990 

E E BR eB lA UOHHÓLLUNAUUIUUNH eot 
SR contracts Consultants 

Year expiring retiring Balance 

1991 Zz 1 1 

1992 H 1 

1993 2 1 1 

1994 1 1 

'Totals 6 2 4 





Note One senior registrar contract expiry date 1s not known. 


two fewer centres (both in the North West 
Thames Region) owing to health district re- 
organisation but the number of hospitals 
carrying out cardiac surgery remains un- 
changed. A few centres without cardiac surgery 
undertake left heart studies and four of them 
also offer angioplasty. Only five districts cannot 
offer temporary pacing and in some of these a 
provision available nearby offers at least a 
partial solution. In general, however, we 
believe that every hospital taking acute emer- 
gencies should have immediate provision for 
temporary pacing and any deficiency in this 
respect is dangerous and unacceptable. 

Table 18 shows that 190 of the 212 districts 
have echocardiographic facilities—an increase 
of 50 since the previous survey in 1984. 
Appreciably more centres can offer cross- 
sectional echocardiography, which explains the 
decrease in M mode facilites. Over 100 districts 
also have Doppler imaging and half of them 
have colour flow Doppler imaging. Fewer dis- 
tricts report that they are undertaking cardiac 
scintigraphy (unfortunately it is not possible to 
make an accurate comparison of the scinti- 
graphy figures from 1984 because those data 
were incorrectly calculated). 

Most districts, however, have facilities for 
ambulatory monitoring and stress testing. 
These facilities are now distributed satisfac- 
torily and will not need regular surveys in 
future years. Greater attention can then be paid 
to other aspects of the quality of service that can 
be offered. 

We note an important increase in the number 
of ambulances with defibrillators from 1986 to 


Table 15 Contract expiry dates for semor registrars 
(SR) compared with retirement dates for consultants in 





Northern Ireland at 1 July 1990 

t MM 
SR contracts Consultants 

Year expiring retiring Balance 

1990 

1991 

1992 i I 

1993 

1994 l 1 

Totals 2 l 1 





Note: Three senior registrar contract expiry dates are not 
known 


1989. This may have less relevance after the 
decision by the Secretary of State that all 
frontline ambulances should carry defib- 
rillators.? We believe this to be an important 
initiative. 


Consultant staffing: a statement of need 

The need for cardiologists both at cardiac 
centres and district general hospitals has 
increased substantially over two or three 
decades for several major reasons. First, the 
development of coronary artery bypass grafts 
and percutaneous coronary angioplasty has 
created a huge workload in the assessment of 
potential candidates for these procedures. 
Secondly, the need for angioplasty, balloon 
dilatation of valves, and therapeutic catheter 
procedures for patients with congenital heart 
disease has also led to the development of the 
concept of the interventionist physician within 
the specialty. Thirdly, the control of arrhyth- 
mias by pacing, by drugs, and by surgery has 
become complex but highly successful: it calls 
for specialist skills that cannot readily be 
provided by a general physician. Fourthly, 
management of patients with serious heart 
disease in hospitals outside major cardiac cen- 
tres is no longer straightforward: therapeutic 
agents such as modern antiarrhythmics and 
thrombolytics have potential for considerable 
harm as well as benefit, while investigations 
such as echocardiography, stress testing, and 
ambulatory monitoring demand training and 


Table 16  Techmcal support in cardiology by region m England and Wales at 1 March 1989 (1984 data are given in parentheses) 


Region 


East Anglia 


Mersey 

North East Thames 
North West Thames* 
North Western 
Northern 

Oxford 

South East Thames. 
South West Thames 
South Western 
Trent 


Wessex 
West Midlands 
Yo 


Wales] 
Special Hospitals 
"Totals 


No of HDs 


4 
203 (206) 


Physiological measurement techmoans 





Per 
Qualified Trainee Total 100 000 
20 (15) 2 (5) 22 (20) 1-1 (1 0) 
38 (6 16 (18) 83 22(34 
62 (53 4 (14) 66 (67 17(18 
51 ce 10 (19) 61 (47) 1-7(1 4 
104 (83 18 (14) 122 31 (2-4 
26 (33 11 (6) 37 (39 1:2 (1:2) 
14 (11) Su 16 (13 0 6 (0-5) 
A 42 (41) 8 (10) 50 (51 1-4 (1 4) 
32 (21) 8 (6) 40 (2 14(09) 
38 (32) 7 (2) 45 (34 1-4 23 
75 (82) 18 (22) 92 (194) 20(23 
10 (10) 21 a 4 (5) 25 (21 08 (0 ? 
89 (81 8 (7) 97 (88 19(1 
(65) 16 88 (73 2:4(20 
84 ( 16 (19) 100 (84 3-5 (30 
59 (43) 8 (9) 67 (52 
827 (731) 155 (166) 981 (897) 1-9 (1 8) 


Since 1984 
Per 250 000 
Increase Decrease populanon Cardiographers 
0 09 2-04 24 (21) 
118 416 3 
005 2 86 45 (30) 
0 40 275 34 (35) 
0 62 5 08 17 37 
0-03 186 35 (37 
0 10 1 08 20 (20) 
0 03 2 36 41 (51 
0 44 235 19 Q8 
0 34 2 68 31 (29 
0 28 341 21 (44) 
œil i65 25 (28) 
0 17 3:24 36 (35) 
0 42 401 26 (31) 
0 52 6 64 18 (34) 
7 (3) 
0-15 3 36 402 (433) 





*Hammeramuth is now shown under special hospitals. 
Wales has 18 (18) district hospitals. 


taff nurnbers are in 


rounded W'TEs. For population see table 17. 
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Table 17 Cardiac facthtes ( uud of HDs with given facility) by region in England and Wales at 1 March 1989 (Office of Population Censuses 








and Surveys’ figures tn 
Haemodynamic Pacing 
Populanon No of No of Cardiac Inva 
Region »id- 1988 HDs CCU; surgery Mayor Minor PTCA EP Permanent No Tempt 
East Anglia 2 034-4 8 (8) 9(8 1(1 2 (2) 7 1 (1) 2 (2) 
Mersey 2 403 9 10 (10) 10 (9 1 (1 1 (1) 6 (3 1(1) 1 (1) 1(1) (1) 
North East Thames 37764 16 (16) 19 (15) 3 (3) 4 (4) 10 (9 4 (3) 3(3 4 (4) 
North West Thames* 3 470-4 13 (15) 15 (14) 2 (4) 4 (5) 9 (9) 3 (3) 4 P 4 (6) 
North Western 3 989 6 19 (19) 20 (19) 3 (3) 4 (3) 12(11)  3(2) 4 (3) 5 s 1 (2) 
Northern 30710 16 (16) 21 (21) 1 d 1 (1) 8 (6) 1 (1) 1 (1 1 (1) 
Oxford 2 523-7 8 (8) 6 (5) 1 (1) 1 (1) 6 (5) 1(1) 1 (1 2 (1) 1 (1) 
South East Thames 36516 15 (15) 19 (17) 4 (4) 5 (4) 11 (9) 4 (4) 6 (5) 7 (6) 
South West Thames 2 961 4 13 (13) 12 (11) 1(1) 2 (2) 12 (7) ] (1) 2 (2) 3 (2) 
South Western 3 2360 11 (11) 13 (12) 1 (1 1 (1) "7 (6 2 (1) 6(3 5 (5) 
Trent 4 662 4 12 (12) 16 (15) 2(2 3 (3 8 ( 2(2 2(2 4 (3) (2) 
Wessex 2 928 4 10 (10) 9 (10 1 (1 1 (1 6 (4 1 T 3 (2) 
West Midlands p 5 205-3 22 (22 24 (2 3 (3 6 (8 15(15)  4(1) 4 (5) 11(9) I (1) 
Yorkshire 36201 17 (1 17 (13 3(3 4 (3) 11 (8) 3 (2) 5 (2) 6 (5) 1 (3) 
Walest 2 857 0 9 (9) 15 (12) 1(1) 1 (2) 6 (6) 1 (2) 1 (1) 2 (2) 1 (1) 
Special hospitals 4 (5) 4 (2) 4 (4) 4 (4) 3 (5) (4) 4 (4) 4 (4) 
To 50 393-3 06 ) l 
tal 203 (206) 229 (208 32 (34) 44(45)  137(115) 35(30) 44 (27) 64 (58) 5 (11) 


"Hammersmith now shown under special hospitals. 


t Wales has 18 district hospitals. 


IHDs without temporary pacing facilities 
1964 data are shown in parentheses. 


skill. ‘Finally, an optimal service calls for com- 
mitment to the prevention of heart disease, to 
‘training in resuscitation, and to the provision of 
rehabilitation programmes. These needs are 
poorly met at present. 3 

A report of the Royal College of Physicians 
-of London and the Royal College of Surgeons 
of England recommended that every health 
district with four or more physicians should 
have one trained in cardiology.! But table 8 
shows that 31 districts have no cardiologists 
and that 13 others have minimal visiting 
representation, so that overall there is a serious 
shortfall in 44 districts on this basis. Sub- 
sequent to the Royal Colleges’ recommenda- 
tion, the British Cardiac Society stated that 
each large district (over 250 000) required two 
cardiologists for the provision of an adequate 
service. Other major specialties such as 
gastroenterology and respiratory medicine 
have made similar recommendations. These 
estimates have not been contested in discus- 
sions relating to manpower either within the 
college or outside it, and indeed they are crucial 
to the concept of a consultant based service. 


According to this criterion a total of 62 district 
general hospitals should have a second car- 
diologist, but only 12 of them do. This 
indicates an additional need for 50 posts. 

The need for additional physicians within 
cardiac centres is more difficult to determine, 
but an approximation can be made by quantify- 
ing the need for investigations and treatment in 
relation to cardiac surgery, which forms the 
major part of the present workload. The 
recommendation for the annual need for car- 
diac surgery is 400-500 per million popula- 
tion." The population of England and Wales is 
a little over 50 million, implying (taking the 
mid point) that 22 500 operations should be 
carried out each year. Ifevery surgeon does 250 
operations, and if twice as many cardiologists 
are needed as surgeons—figures that are widely 
accepted—then we require at least 180 adult 


_ cardiologists in the centres, compared with the 


present total of 117. This estimate of a 
requirement for 63 additional cardiologists 
within major centres is a conservative figure 
that does not allow for the new demands of 
angioplasty and added responsibilities in other 


Table 18 Non-invasive cardiac facthties.(number of HDs with given facility : by Region in England and Wales at 1 March 1989 (for populations 
-see table 17) (1984 data are shown in parentheses) 


Echocardiography 
Ambulatory moritoring 

M mods Cross ———————— — DSETEE Coronary 
Region only sectional Doppler Colour flow Santigrapky Recording Analyus tests Ambulance 
East Anglia 3 :8 5 4 8 (8) 6 (4 8 (8) 2 (1) 
Mersey 3(1 “62 2 i 10 (7) 8(5 10 (9) 5 (1) 
North Hast Thames (3 16 (10) 11 5 9 16 (15) 14 (14) 16 (16) 2 (1) 
North West Thames* 10 (8) 7 5 8 12 (1 11 (12) 12 (13) 1 
North Western ^d 3(2 16,(10) 10 5 8 18 d 18 5L 18 (1 7 (3) 
Northern 3 (4 7-10 (7) -. 10 4 9 16 (16 9 (6) 16 (1 13 a 
Oxford (3 8 (3 6 2 2 ) (7) 7 (7) 7(1 
South East Thames 2(2 13 (8 10 3 9 15 (1 15 (14) 15 E 3 (3) 
South West Thames 1 (4 "42 (5) 8 4 4 13 (13 10 (10) 13 (13 9 (4) 
South Western 9 (8) 8 7 9 11 (11) des 10 ce 7 (4) 
Trent (3 -9 6 1 10 12 (9) 10 12 (10 6 (2) 
Wessex 10 - 83 6 1 4 10 (10 8 (5) 9 (9) 5 o 
West Midlands 4 16 (9 10 4 15 22 (21 18 s) 19 iS) 9(2 
Yorkshire i 5(1 12 (8 “10 5 8 15 (15 12 (13 15 (15) 7 et 
Wales] : 1(2) . 8 P 3 7 2 6 8 A 8 R 8 a 7 (1) 
Special hospitals E - 4(4)- `> 3 2 4 4 (4 4 (4 4 (4 
Totals 25 (36) . 165 (101) 1221 521 1101 198 (191) 167 (147) 192(187) 90 (29) 





* Hammersmith now shown under special hospitals. 
hosprtals. 


Í Data for 1984 were n 


tv Loo 


- 


Data for 1984 were not ayailable-for cosparsa in mia three categórica. 


SA 
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spheres. We may also be paying inadequate 
attention to the radiation hazards faced by the 
new generation of interventionalist cardiolog- 
ists, especially if fewer registrars are available 
for the less demanding routine catheter inves- 
tigations. 


Implications of the shortfall in consultant 
S 

In England and Wales there are at present 323 
consultant cardiologists according to the 1990 
biennial survey. The total shortfall, set out in 
detail above, is: 

Additional cardiologists for centres 63 

Cardiologist for districts with none 44 
Cardiologists (2) for bigger districts 50 

Thus we have a pressing need for 157 posts, 
to make a total of 478—an increase of almost 
exactly 50% on the current figure. 

The present staffing levels are clearly 
inadequate for the needs of the service and the 
present annual growth rate in consultant posts 
(approximately 4-596) is now equivalent to 14 
posts per year. If this trend continues over the 
next decade we will have met most of the 
shortfall outlined above—that is, 140 of the 159 
posts that we believe are urgently needed now. 
The guidelines, however, may have shifted by 
then. The calculations we have used assume 
that the service workload will continue to be 
met mostly by trainees. An equitable distribu- 
tion of resources at an acceptable level plus the 
objective of a consultant based service, 
however, can be achieved in cardiology by the 
beginning of the 21st century only if the annual 
growth rate in consultant posts is appreciably 
greater than the current 4-595. 

A rapid rate of growth cannot be achieved 
easily. The logical approach would be to create 
first the appropriate number of training posts 
and then increase consultant posts as more 
trainees become available. This would be un- 
acceptable, however, without the guarantee of a 
subsequent and commensurate increase in con- 
sultant posts; and no such guarantee could be 
given. We should therefore increase the 
number of consultant posts and training posts 
concurrently, and accept the short term 
expedient of premature promotion—as indeed 
is occurring already owing to the present 
shortage of senior registrars. 

We drew attention in our previous survey to 
the remarkable difference in the provision of 
cardiology between the United Kingdom and 
most of the rest of the developed world.* Even 
now we have only 6-4 cardiologists per million 
population in England and Wales. Our 1989 
paper quoted the ratio for Europe as a whole as 
45 per million, with the recommended figure for 
the United States being 60 per million. We see 


little prospect of provision in the United King- 
dom on a scale similar to that which is regarded 
as satisfactory in many neighbouring European 
countries. 

Our present requirement for posts at senior 
registrar level depends on predictions of con- 
sultant vacancies in three or four years time. 
We can offer predictions based on planned 
retirement dates, present expansion, and an 
allowance for unexpected events such as death. 
To this we should add numbers for a greater 
rate of expansion as argued above, but the data 
presented in figure 2 (based on retirement 
plans) show a step-wise increase in numbers 
that are needed from 1997, even without a 
greater rate of growth. The JPAC formula does 
not permit any account to be taken of such 
predictions, even when it is based on carefully 
collected data. The present tendency for 
premature appointments from senior registrar 
to the consultant grade therefore seems des- 
tined to recur—after a brief lull—to a greater 
extent than ever before. This undesirable situa- 
tion has already affected paediatric cardiology 
and could be prevented by planning that is not 
constrained by the rigid application of inap- 
propriate formulae. The reduction of the train- 
ing period from four to three years in our new 
programme will mitigate but not prevent a 
future crisis. 


We thank our colleagues who completed our questionnaires so 
diligently. We seek their continuing forbearance. 
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@ The British Heart Journal welcomes letters 
commenting on papers that it has published 
within the past six months. 


@ All letters must be typed with double spacing 
and signed by all authors. 


@ No letter should be more than 600 words. 

© In general, no letter should contain more 
than six references (also typed with double 
spacing ). 

Endothelium in control 


Sm,—In his St Cyres Lecture (British Heart 


Journal 1991;65:116-25) Professor AH. 


Henderson states that the half life of endo- 
thelium derived relaxing factor (EDRF) 
nitric oxide is “likely to be less than a second 
in vivo" and that “each millimetre of endo- 
theltum controls its little bit of the vascular 
system." I believe it 1s possible to place these 
suggestions on a more precise basis. In the 
picomolar concentrauons of nitric oxide 
secreted by endothelium the half life of the 
reaction between nitric oxide and oxygen 1s 
far too slow to account for this proposed rapid 
removal! By contrast the rate of removal 
by haem groups is exceedingly rapid and 
the second order rate constant for reaction 
of nitic oxide with the red cell is 167 
l mmol’ s! in vitro. There is growing 
evidence that this value may be applied to 
blood nitric oxide uptake in vivo at least in 
human pulmonary capillary? Though the 
rate of reaction of nitric oxide with oxy- 
haemoglobin 1n vitro* is about 250 times as 
fast as the reaction with the red cell, because 
less than 0-03% of the haemoglobin in blood 
is in the free form, the reaction with the red 
cell is quantitatively more important. Similar 
arguments apply to ussue haem groups and 
also superoxide ion. The half life of nitric 
oxide in blood is obtained as follows: 


t%s = 0-693/(167 x 9) = 4:6 x 10+ seconds 


where 0:693 1s In 2, 167 is the second order 
rate constant (see above), and 9 is the concen- 
tration of Hb in mmol/l corresponding to a 
haemoglobin concentration of 14 6 g/dl. The 
distance travelled in one half life is obtained 
as the velocity of blood flow (1 m/s in the aorta 
during systole, 0-3 m/s in the vena cava, 5 10* 
m/s in a capillary?) multiplied by t'/: that is, 
46 x 10*m in the aorta, 1-4 x 10* m in the 
vena cava, and 2 x 107 m in capillary. The 
half life of nitric oxide in vivo in blood can be 
seen to be exceedingly short and the distance 
"downstream" over which a section of endo- 
thelium can have an influence extremely small 


especially in the capillary. 


uniington, 
Cambndgeshire PE18 8NT 
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as follows: 


SirR,—I am grateful to Dr Borland for his - 


interest and for the quantitative pyramid he 
builds on my point which was simply to 
emphasise the very localised nature of 
vasodilatation mediated by EDRF. 

The half life of EDRF was documented as 
beng in the order of seconds by bioassay of 
oxygenated effluent buffer from endothelial- 
ised artery segments.’ Nitric oxide oxidation 
in aqueous buffer is related to po, but is some 
30 times faster in transit through perfused 
hearts where its half life was shown to be 
about 0-1s.?7 This is consistent with 
previously reported evidence that the intra- 
luminal dilator signal in the anaesthetised dog 
femoral artery is localised to within 1 cm? 
Clearly the presence of haemoglobin (which 
has about 1500 times greater affinity for nitric 
oxide than for carbon monoxide) will further 
reduce the half life of nitric oxide within the 
vascular compartment in vivo. Small 
amounts of "free" haemoglobin are in fact 
complexed to haptoglobin in circulating 
blood (<0-03% of total haemoglobin in the 
blood, as Dr Borland states), accounting for 
the variable EDRF-inhibiting activity of 
plasma (the inhibitory activity in samples 
from some of our human volunteers was 
unusually high, and after appropriate 
experimentation, this was attributed to alco- 
hol intake).‘ The largest sink of haemoglobin 
is indeed within the erythrocytes, whose 
EDRF inhibitory activity we found to be that 
of similar concentrations of free haemo- 
globin,’ as expected from the lipid solubility 
of nitric oxide and its ready passage through 
red cell membranes. Superoxide anions, 
widely present in biological systems, further 
shorten the half life of nitric oxide (rate 
constant of the reaction NO+0, at 
physiological pH, k = 3:7 x 10’ M's"). The 
concentration of oxygen free radicals is likely 


to vary widely, particularly under patho- 


logical conditions. Recent evidence suggests, 
for example, that the reduced EDRF activity 
shown in experimental hypercholes- 
terolaemia may be due to EDRF inactivation 
rather than decreased production, on the 
basis of a decrease in bioassayed dilator 
activity but an increase in nitric oxide 
production when measured by chemilumin- 
escence, the decrease in activity being 
attributable possibly to increased superoxide 
anion production beneath atheromatous 
plaques.* 

Biology, let alone pathology (and perhaps 
alcohol) clearly introduces complexity. I 
think we agree though that locally released 
EDRF has little downstream activity. 

AH HENDERSON 

Department of Cardiolagy, 

University of Wales Collage of Medicine, 
Heath Park, 

Cardiff CF4 4XN 
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Novel exercise protocol suitable for use 
on a treadmill or a bicycle ergometer 


Siz,—The standardisation of exercise tests 1s 
now a major issue and the Working Group on 
Exercise Testing of the European Society of 
Cardiology has organised a committee to 
examine this problem. In November 1990 Dr 
Northridge and colleagues (British Heart 
Journal 1990,64:313—6) presented data on a 
new exercise protocol that is based on expo- 
nential (rather than linear) increments in 
workload. In their experience the rise in 
oxygen consumption (ml/kg/min) is very 
similar whether the test is performed on a 
bicycle or on a treadmill; aito they mention 
that the highest stage required to test even 
relatively fit patents is reached after 15 
minutes. 

We have tested prospectively and 
randomly these new protocols 1n 13 healthy 
men (mean age 33, range 25-49; mean weight 
80, range 62-115 kg) and our data (fig 1) 
indicate that oxygen consumption was sig- 
nificantly greater (unpaired : test; p < 0 05) 
during the last nine minutes of the bicycle 
standardised exponential exercise protocol 
(STEEP). The heart rates were also greater (p 
< 0-05) with the bicycle protocol during the 
last six minutes of the exercise test (fig 2). All 
the subjects were able to perform the 15 
minutes of the STEEP treadmill test while 
only six were able to reach the fifteenth minute 
of the bicycle protocol; at the fifteenth minute 
of the STEEP bicycle test, all patients com- 
plained of pain in the legs, a symptom that 
was almost absent at the fifteenth minute of 
the STEEP treadmill test. Also the reason for 
interrupting the STEEP bicycle test was 
always leg muscle fatigue or pain. These 
observations about heart rate and exercise 
duration are very simular to those made by 
Northridge et al. 

The explanation for our different results 
remains unclear. In our experience, we think 
that for the heaviest subjects the final 
increases 1n workload of the bicycle protocol 
are too large (from 25 to 40 w/min) to be 
tolerated by the leg muscles and that muscle 
soreness becomes the major limiting factor. 
Because of the differences in oxygen consum- 
ption and in exercise duration, we think that 
these new S'TEEP tests are not the answer to 
our growing need for standardised exercise 
tests that can be used on both the treadmill 
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and the bicycle ergometer. Also we feel that 
the very slow rise in oxygen consumption 
seen during the first six minutes of both 
STEEP tests make them an unsatisfactory 
basis for the extrapolation of maximal oxygen 
uptake from maximal workload and for 
measuring the subtle changes observed after a 
given treatment. Before being tested in 
patients, these new protocols should be 
extensively tested in healthy volunteers and 
compared with other exercise protocols. 


BAHYA ESSAMRI 
ANNE-MARIE D'HONDT 
JEAN-MARIE DETRY 
Division of Cardiology, 
Saint-Luc Umversity Hospital, 
B-1200 Brussels, 

Belgium 


Tus letter was shown to the authors, who reply 
as follows: 


SIR,— The data presented by Dr Essamri and 
colleagues in 13 male volunteers confirm 
many of our findings with the STEEP exercise 
test. There are, however, some important 
differences that may be explained, at least in 
part, by methodological considerations. It is 
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Figure 1 Oxygen consumption. 
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Figure 2 Heart rate. 


likely that young men living in Belgium are 
more accustomed to cycling than our Glas- 
wegian volunteers and this may explain why 
they are able to perform more aerobic work on 
a bicycle ergometer. Furthermore, the sig- 
nificance levels quoted were obtained using 
unpaired r tests, such that for the final stages 
the six fittest subjects who were able to 
complete the bicycle protocol were compared 


with the whole group who completed the . 


treadmill protocol. It is not surprising that 
the six fittest subjects had a higher mean 
oxygen consumption than the group as a 
whole. It would be more appropriate to use a 
paired test, such that data from subjects 
completing a given stage of one protocol are 
compared only with data from the same 
subjects during the other protocol. 

We are encouraged that Dr Essamri and 
colleagues agree with the need for standardis- 
ation of exercise testing within Europe—but 
which protocol are we to use as a standard? 
The STEEP protocol has several advantages 
over existing protocols, including short stages 
(as recommended by Buchfuhrer e: al), 
suitability for both treadmill and bicycle 
testing, adjustment for body weight during 
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the bicycle protocol so that subjects of dif- 
ferent size exercise at similar relative inten- 
sity at each stage, and exponential increments 
in workload making the test applicable to a 
very wide’ range of patients. None of these 
improvements over existing protocols is con- 
tested in the letter from Essamri et al. They 
have, however, demonstrated a difference in 
oxygen consumption during the later stages 
of the treadmill and bicycle protocols, which 
may indicate a need for a minor modification 
of one or other protocol. However, we did not 
suggest that the two tests were identical, only 
that they were comparable. Bicycle and tread- 
mil testing have certam fundamental dif- 
ferences— which were discussed in our 
original report. T'he STEEP tests merely offer 
a pragmatic solution to the problem of stan- 
dardisation when some laboratories use 
treadmills while others use bicycle 
ergometers. 

Their assertion that the final workload 
increments are too large in heavy subjects is 
clearly unwarranted because the whole point 
of adjustment for body weight is that all 
subjects experience the same relative work- 
loads and increments. In fact the data of 
Essamri et al confirm this principle because 
the standard deviations of the mean oxygen 
consumption for each stage of the bicycle 
protocol (assumung that their figure shows 
standard deviations rather than standard 
errors) are very small even though the study 
included a remarkable range of body weights 
—from 62 kg to 115 kg. We fully agree that 
the STEEP protocol is not suitable for infer- 
ring maximal oxygen uptake from maximal 
workload in patients with cardiovascular dis- 
ease—but this 1s not recommended for any 
protocol.?? 

Finally, we think that firm conclusions 
cannot be reached until new standard exercise 
protocols, such as the STEEP test, are 
validated 1n suitable patient populations. 

DAVID B NORTHRIDGE 


STANLEY GRANT 
HENRY J DARGIE 


Department of Cardiology, 
Western Infi 5 
Glasgow G11 6NT 
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Fatal aortic rupture during balloon 
dilatation of recoarctation 


Sir,—I read the paper by Balaji (Britisk 
Heart Journal 1991;65:100-1) with interest. 
They reported aortic rupture and death in an 
eight year old child after balloon angioplasty 
for aortic recoarctation that developed after 
patch angioplasty procedure. We have had 
extensive experience with balloon angio- 
plasty of aortic coarctations, both native and 
postoperative," and have not observed a 
similar complication. We do not agree with 
Balaji et al that balloon angioplasty should be 
avoided in cases of recoarctations after patch 
angioplasty. The complication reported in 
Balaji et ai is a problem related to the tech- 
nique of angioplasty that they adopted. 
Firstly, I do not believe that balloon angio- 
plasty should be performed without monitor- 
ing the pressure in the balloon. The purpose 
of monitoring the pressure is not to prevent 
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overinflation (as they seem to imply) but to 
prevent rupture of the balloon. I believe that 
balloon rupture should be prevented at all 
cost, not only to avoid complications such as: 
that reported by Balaji, but also to prevent 
arterial injury, which is more likely during 
the removal of a ruptured balloon. 

Second, I do not understand the purpose of 
attempting to redilate with a 12 mm balloon 
after a previous dilatation with a 15 mm 
balloon. : ; 

Third, the Olbert catheter system that 
Balaji et al used in this case produces longi- 
tudinal movement of the balloon material 
over the internal surface of the aorta and is 
likely to injure the aorta further. 

Based on our experience"? and that repor- 
ted by Cooper et al ® and Hellenbrand er al" 
we believe that aortic recoarctations that 
develop after all types of coarctation sur- 
gery—namely, end-to-end anastomosis after 
resection, subclavian flap angioplasty, patch 
angioplasty (Dacron, Gore-Tex, or pericar- 
dial patch), and interrupted aortic arch 
repair—can be successfully dilated. 

To prevent aortic rupture and/or sub- 
sequent aneurysms it is vital to avoid man- 
ipulation of the tips of the guide wire and 
catheters in the region of freshly dilated 
coarctation and to avoid using a balloon that is 
larger than the descending aortic diameter at 


the level of the diaphragm. 
P SYAMASUNDAR RAO 
Division of Pediatric Cardiology, 
Ui of Wisconsin Medical School, 
Untvernty of Wisconsin Children’s Horal 
Madison, WI 53792-0001 SA 


This letter was shown to the authors, who reply 
as follows: 


SIR,—We thank Dr Rao for his helpful com- 
ments. However, we do not agree with some 
of them. Dr Rao has reported seven cases of 
angioplasty for recoarctation? without giving 
any patient details, particularly about the 
nature of their previous surgery. All the other 
reports"? from his group deal with native 
coarctation in 20 cases, a lesion in which the 
method of action of balloon angioplasty may 
be very different to that in recoarctation. 

The results of Cooper et al? that Dr Rao 
quotes to support his conclusions come from 
our hospital. Until the aortic rupture that we 
reported,’ our experience with angioplasty 
for recoarctation was very promising indeed. 
Our chief aim in drawing attention to this case 
was to introduce a note of caution. As we 
indicated in the case report, there are few 
reported cases of angioplasty in patients who 
have previously undergone patch aortoplasty. 
Most workers including Dr Rao have not 
reported details of the previous surgery that 
the patients had undergone. We cited, how- 
ever, the large and successful experience from 
the Boston group in patients who had had 
patch repair. 

We accept we should avoid balloon rupture 
and now suggest pressure monitoring of the 
balloon is used. We chose to use the smaller 
Olbert balloon because we believed that it was 
firmer than the larger Meditech balloon, 
which had had no “‘apparent”’ effect on the 
coarctation. 

In our experience longitudinal balloon 
movement is equally likelv with all balloon 
catheters. Perhaps what is more important is 
the straightening effect of the balloon within a 
curved structure such as the aorta. It is our 
long-standing practice not to manipulate 
guide wires or catheter tips across freshly 
dilated coarctations. 


Department of Car 
The Hospital for Sick Children, 
Great Ormond Street, 
London WCIN 3JH 
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Principles and practice of cardiovas- 
cular imaging. Edited by G M Pohost and 
R A O’Rourke. (Pp 942; £115.) Boston, 
Toronto, London: Littl, Brown & 
Company, 1991. ISBN 0-316-71247-7. 





The practice of modern cardiology requires 
extensive use of imaging. The everyday value 
of echocardiography and angiography in 
routine diagnosis has made the cardiologist a 
provider as well as a user of imaging. Though 
many present day cardiologists have con- 
tributed to the development of new imaging 
techniques it is still difficult to keep up to date 
with all aspects of imaging and to be sure of its 
rational use. Trainee cardiologists have an 
even more difficult task because they need to 
understand the principles and practice of a 
wide range of imaging techniques, all of 
which have an extensive literature. This 
book, in drawing together under one cover all 
the common methods used, including the 
uses of echocardiography, radionuclides, 
xray, and magnetic resonance imaging, 
brings partial salvation. 

The book 18 organised into three sections: 
the first deals with the technology of each 
imaging method, the second with the clinical 
applications, and the third with cost con- 
siderations. The first and largest section is the 
most rewarding, with the basic principles of 
physics, safety, and protection preceding the 
clinical use of each technique. Despite the 
multiauthor approach each section is balan- 
ced, and the writing is clear and crisp and 
extensively referenced—though there is a 
tendency to ignore work published in non- 
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American journals. No doubt for cost reasons 
the colour plates are aggregated together at 
page 749 but this is not clearly signalled in the 
section on colour flow Doppler mapping (pp 
136-145). It seems a pity that the colour 
plates were not incorporated into this chap- 
ter. 

I had looked forward to reading the second 
section which sets out to show how the 
technologies should be used to solve common 
clinical problems rather than what they can 
do. I found this section disappointing, 
however. Again it tended to show what could 
be done rather what was needed to make the 
diagnosis. Separate chapters that cover 
echocardiography and radionuclides in the 
investigation of cardiac muscle disease with- 
out bringing in the possible use of magnetic 
resonance imaging illustrate a divided rather 
than an integrated approach. The style of this 
section is also more uneven, with some auth- 
ors taking a more clinical approach than 
others. The illustrative cases 1n the section on 
valvar heart disease by Kotlewski and Rahim- 
toola seem to have caught the spirit of the 
section better than others. In all, the section 
seems better in conception than in execution. 

National Health Service funding for imag- 
ing equipment has always been difficult but 
cost considerations are becornung increas- 
ingly important. We are still some way 
removed from a prospective payment system 
based on diagnostic-related groups (DRGs) 
but medicine does seem to be marching in this 
direction. The final section of the book gives 
an excellent account of the North American 
experience and tackles important issues such 
as the impact of imaging on the health care 
system and the implications for the future. 
This section is mandatory reading for anyone 
managing imaging services. 

Despite reservations about the middle sec- 
tion this book 1s a valuable guide to the use of 
imaging. It should be read by all trainees and 
referred to frequently by all users and 
providers of cardiac imaging services 

ALEXANDER L MUIR 


The title reviewed here is available from the 
BMJ Bookshop, PO Box 295, London WC1H 
9TE. Prices include Sag ii in the UK and for 
members of the British Forces Overseas, but 
overseas customers should add 15% to the 
valoue of the order for age and packing. 
Payment can be made cheque in sterling 
drawn on a UK bank, or by credit card 
( MasterCard, VISA, or American. Express) 
stating card number, expiry date, and your full 
name. 
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1992 


The Annual Meeting of the British Cardiac 
Society wil take place at the Harrogate 
International Centre on 26 to 29 May. The 
closing date for receipt of abstracts will be 3 


January. 


The 3rd International Conference on Car- 
diac Doppler-Echo and Color Flow 
Imaging will be held in Dubrovnik on 31 
May to 3 June: ICCD, Dr Nikša Drinković, 
Department of Cardiovascular Diseases, 
University Hospital Centre. Rebro, 
Kispaticeva 12, 41000 Zagreb, Yugoslovia 
(Fax: 41 420-793. Tel: 041/434-444, 435- 
555). 
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During a recent meeting at the Medical 
Devices Directorate at the Department of 
Health, we became aware of a problem that 
will be of interest to cardiologists who are 
active in the field of resuscitation. It concerns 
battery packs for portable defibrillators. Some 
hospitals and ambulance stations use battery 
packs that are not supplied by the defibrillator 
manufacturer because this 1s a cheaper 
option. It 18 not always a wise one, however. 
Some batteries from alternative sources have 
poor performance characterisucs that have 
resulted in  invesugations of apparent 
defibrillator defects and the issue of Safety 
Action Bulletins. The Department of Health 
has told us that tests of unauthorised battery 
packs showed significant overheating during 
successive 360 J charges leading to a loss in 
capacity, a longer time than is specified for 
charging, and a reduced number of shocks per 
full battery charge. Readers should know that 
manufacturers classify the battery pack of a 
defibrillator as a critical component in therr 
agreements under the agreed quality 
document (Good Manufacturing Practice for 
Medical Equipment). The quality and form 
of the design of defibrillator batteries, the 
inspections, quality testing, and traceability 
all make leginmate additions to the cost of this 
high specification equipment that may not be 
necessary or appropriate for battery packs 
intended for less demanding or critical use. 
We should add that some alternative battery 
suppliers are now in the process in installing 
quality systems that would satisfy the depart- 
ment and may in time be recognised by the 
NHS in its purchasing policy. But consider- 
able responsibility is placed with the user who 
elects to use substitute batteries and we 
suggest that suppliers be requested to demon- 
strate and perhaps give a written undertaking 
that their design allows equivalent perfor- 
mance to that in batteries supplied by the 
manufacturer of the defibrillator. 

The recent distribution of the current list 
of British. Cardiac Society committees and 
their membership has drawn the comment 
that the same names do seem tó-recur with 
undue frequency. To this we plead guilty. 
The society has officers who number four or 
five (the President elect is a post sometimes 
filled and sometimes not). We do believe it is 
essential to have at least two officers on every 
committee to ensure that we act cohesively. 
Officers do not seek to dominate commit- 
tees—though some have additional influence 
because they are chairmen. Perhaps it is also 
fair to mention that before we had our new 
committee structure, all decisions were 
necessarily made by the officers, by council, 
and at general meetings by the membership. 
If we now have an additional way for mem- 
bers who are not on Council to have influence 
in areas of their interest or expertise, | this 
should not be seen as a move away from 
democracy. But two issues need to be addres- 
sed. The first is how to identify members who 
seek this sort of involvement: we often find it 
difficult to persuade colleagues to take on new 
responsibilities that can be time consuming 





t 


and even difficult to arrange ın these dzys of 
stricter contracts. Please tell us 1f you have an 
interest in any of the committees and would 
be willing to serve. The second related issue is 
how to make decisions on representation on 
the committees, having regard to the need for 
balance: we always consider the balance be- 
tween London and out-of-London, between 
North and South (and, to the West, Ireland), 
between younger and older, between 
academic and NHS, between the centres and 
the district general hospitals, and berween 
adult and paediatric cardiology. Clearly we 
cannot achieve a sauisfactory mix on commit- 
tees with limited membership, bui the 
balance could easily become less satisfactory. 
For this reason we have taken the view that 
council are elected, and that the composition 
of committees should be left to them—but 
with influence from the wider membership 
always welcome. Is this reasonable? 

Readers will know we are anxious to 
promote opportunities for part time training 
in cardiology. The BMA have arranged a 
seminar for any junior doctors interested in 
part time training. It will be held in the Roben 
Suite at Guy's Hospital at 6.30 pm (for 
7.30 pm) on 11 November. Further informa- 
tion can be obtained from David Barr on 081- 
660 5558. 

Attilio Maseri has now left the Royal 
Postgraduate Medical School to take up anew 
appointment in Italy. His influence has been 
great, and we cannot let his departure pass 
without comment. John Goodwin has written 
the appreciation that follows. 

* Attilio Maseri became the British Heart 
Foundation Sir John McMichael Professor of 
Cardiovascular Medicine at the Royal Post- 
graduate Medical School in 1979. His 
previous career was distinguished. 'Training 
in Padua, in Pisa, and in the United States 
(Columbia and John’s Hopkins) had equip- 
ped him for a career in research in nuclear 
cardiology and coronary artery disease. By 
1969, he was head of the coronary research 
group in the laboratory of clinical physiology 
of the National Research Council in Pisa, and 
the following year became the Professor of 
Cardiopulmonary Pathophysiology. His 
chief interests were in radionuclide studies of 
myocardial blood flow, regional myocardial 
perfusion and metabolism, and the pathogen- 
etic mechanisms of acute myocardial infarc- 
tion. But he was best known for his original 
studies in coronary artery spasm. Later, while 
at the Royal Postgraduate Medical School, he 
extended his range to include mechan:sms of 
coronary occlusion in acute myocardial in- 
farction with colleagues 1n cardiology, and to 
the role of neuropeptide and other transmit- 
ters in the control of the circulation, in 
collaboration with Stephen Bloom and Julia 
Pollak. 

Attilio brought to Hammersmith Hospital 
a cool critical look at basic mechanisms that 
was most refreshing. The Royal Postgraduate 
Medical School has always eagerly welcomed 
exciting new talent from outside Britain, and 
Attilio has been a prume example. 

As the second Professor of Cardiology in 
the United Kingdom and the first at the Royal 
Postgraduate Medical School, I welcomed 
the new professorial blood with enthusiasm. 
It was a pleasure to work with him 1n the 
realm of teaching. Together we set up the first 
diploma course in cardiology, loyally aided by 
many colleagues. Attilio’s specialist courses 
in cardiology, often held in association with 
other institutions such as the European 
Society of Cardiology and the American 
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College of Cardiology, were highly successful 
and attracted many well known international 
speakers in addition to large enthusiastic 
audiences. 

While at Hammersmith, he gave a number 
of notable named lectures in the United 
Kingdom, the United States, Europe, and 
Japan, and became a member of many impor- 
tant scientific councils such as the National 
Italian Research Council and the Council on 
Thrombosis of the International Society and 
Federation. of Cardiology. In addition to 
many other professional awards and titles, 
Attilio will be well remembered at Hammer- 
smith Hospital for his and Francesca's gen- 
erous hospitality in their home. ‘ 

I have:aytpreciated Attilio as a charming, 
helpful, and enthusiastic colleague. He takes 
the best wishes of us all with him to his 
important new appointments as Professor of 
Cardiology in the Catholic University of 
Rome and Director of the Institute of Car- 
diology, Polyclinico Agostino Gamelli. We 
hope he will keep in regular touch and visit 
often." 

John Goodwin’s appreciation is warmly 
endorsed by all of us. 

This issue of the British Heart Journal 
contains the Sixth Biennial Survey on Staffing 
and Facilities in Cardiology in the UK 
(1990). Readers will no doubt study all the 
data carefully. It may be worth drawing your 
attention to the fact that there are still 44 
districts in England and Wales with no car- 
diologist or only an occasional visiting car- 
diologist. We perceive an overall requirement 
for over 150 more consultant cardiologists to 
meet existing needs, but even the present rate 
of expansion 18 going to lead to a dearth of 
senior registrars in the last few years of this 
decade. Although these data are available and 
irrefutable, the formula for adjusting the 
number of senior registrar appointments 
(Joint Planning Advisory Committee) does 
not permit any expansion to meet this need. 
Unless the ground rules are changed, we are 
heading for a crisis. 


DOUGLAS CHAMBERLAIN 
Prendent, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Society, 
1 St Andrews Place, 

London NW! 4LB 
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